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Abstract  

Study Objective 

The complications of both high and low endotracheal tube (ETT) cuff pressure 

have been well documented. A number of ETT cuff pressure estimation 

techniques have been employed by practitioners in the absence of a manometer, 

particularly in resource-limited settings. These techniques have largely been 

shown to be unreliable. The pressure relief technique (PRT) has been described, 

with variations in the exact method. This study aims to determine if PRT can 

achieve ETT cuff pressures within the recommended range. 

Design 

A cross-sectional study was performed. 

Setting  

The study took place in the theatre complex of Chris Hani Baragwanath Academic 

Hospital in Johannesburg, South Africa. 

Patients 

Included in the study were 146 adult surgical patients undergoing general 

anaesthesia. 

Interventions 

The PRT, using a predetermined, standardised volume of air, was performed by 

over-inflating the ETT cuff and then allowing the plunger of the syringe to recoil 

until it stopped moving. 

Measurements  

ETT cuff pressure was measured with a manometer and recorded. The volume of 

air remaining in the ETT cuff was calculated and recorded.  
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Main Result 

A statistically significant number, 93 (63.7%), of ETT cuff pressures fell within the 

recommended range. A minimum ETT cuff pressure of 12 cmH2O and a maximum 

of 42 cmH2O was recorded. ETT brand had a significant impact on ETT cuff 

pressure (p=0.001). The volume of air remaining in the ETT cuff, after the PRT 

was performed, was significantly impacted by the brand (p<0.0005) and size 

(p<0.0005) of ETT. 

 

Conclusions 

While the manometer remains the gold standard in ensuring ETT cuff pressures 

within the recommended range, in the absence of a manometer, the PRT yields a 

statistically significant number of ETT cuff pressures within the recommended 

range. 
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Section 1: Review of the literature 

1.1 Introduction 

This literature review will give a brief history of endotracheal (ETT) intubation and 

ETT cuffs. It will outline the anatomy and blood supply of the trachea and the 

pathophysiology of complications secondary to both low and high ETT cuff 

pressures. Factors affecting ETT cuff pressure and current methods of ETT cuff 

pressure estimation will be described, before introducing a novel technique of ETT 

cuff pressure estimation. Previous studies that have examined this novel 

technique will be discussed.  

1.2 History of endotracheal intubation 

Endotracheal intubation was first described in 1543 by Andreas Vesalius who blew 

air into the trachea of dogs with pneumothoraxes by means of a tube to 

rhythmically inflate the lungs (1, 2). In the eighteenth century, Joseph O’Dwyer 

passed metal “O’Dwyer tubes” into the trachea blindly to use as airways in 

diphtheria cases. Shortly after this ETTs were first used to administer anaesthesia 

by Sir William MacEwen, who administered chloroform for dental procedures and 

also used endotracheal intubation to prevent blood from soiling the lower airways. 

In the early nineteenth century, the demand for endotracheal intubation was 

increasing and Magill and Rowbotham developed a red rubber tube that was 

designed with the anatomy of the airway in mind. These tubes had no cuff to 

create a seal and therefore, gauze was packed on either side of the rubber tube in 

the subglottis (3).  

The concept of an ETT cuff was first used in 1869 in tracheostomy tubes, where 

Trendelenburg attached a rubber bag to the tube, with a pipe leading from the bag 

to outside of the patient’s mouth. The bag could be inflated via the pipe in order to 

create a seal between the trachea and the tube. Eisenmenger then used a similar 

design in an ETT. Unaware of Trendelenburg and Eisenmenger’s descriptions of 

the use of an ETT cuff, Guedel and Walters introduced its use, allowing for 

positive pressure ventilation. In 1906 Green pioneered the idea of pilot balloons as 

a way of estimating the ETT cuff pressure (2, 3). At this time, polyvinyl chloride 
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ETT cuffs, which exerted high pressures, were in use. In response to the high 

incidence of tracheomalacia and stenosis in patients with prolonged intubation, 

Geffin and Pontoppidan (4) began stretching ETT cuffs with high volumes of air 

before intubating patients. The authors describe ETT cuff pressures of over 

200 cmH2O being used to provide an airtight seal. After stretching the ETT cuffs, 

they were able to achieve the same seal at pressures of 40 cmH2O. This was the 

first description of what is known as high-volume, low-pressure ETT cuffs which 

became the standard ETT cuff in use. Today the adult ETT most commonly used 

consists of the following components: a tube commonly made of polyvinyl chloride, 

a Murphy eye to prevent obstruction to airflow if the distal end of the tube is 

against the carina and a cuff with an inflating tube, pilot balloon and valve. The 

inflating tube is the conduit between the ETT cuff and the pilot balloon. The pilot 

balloon gives a crude indication of the pressure in the ETT cuff and the valve 

prevents air from leaving the ETT cuff after it has been inflated. Low-pressure ETT 

cuffs are most commonly in use today (5). 

1.3 Anatomy and blood supply of the trachea  

The trachea connects the larynx to the main bronchi and is composed of 18 - 22 

cartilaginous, c-shaped rings, with a membranous wall on the posterior aspect (6). 

Between each cartilaginous ring there is an intercartilaginous membrane. The 

upper and lower limits of the trachea are the lower edge of the cricoid cartilage 

and the carina, respectively (6). The correct placement of an ETT results in the 

ETT cuff being positioned in the upper part of the trachea (5).  

The upper part of the trachea derives its blood supply from the tracheoesophageal 

branches of the inferior thyroid arteries. The branches divide inferiorly and 

superiorly along the lateral wall of the trachea and anastomose with the divisions 

from above and below, forming a lateral longitudinal anastomosis along the 

trachea. The vessels of the lateral anastomoses divide into anterior and posterior 

divisions which travel within the intercartilaginous membranes to anastomose with 

the divisions from the opposite side. Capillaries then traverse the tracheal wall to 

form the submucosal capillary plexus (6). Perfusion of the submucosa of the 

trachea is dependent on the perfusion pressure in the submucosal capillary 
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plexus. The tracheal capillary perfusion pressure in humans ranges from 

30 - 44 cmH2O (7). 

1.4 Complications of elevated ETT cuff pressure and pathophysiology 

Recommendations state that ETT cuff pressure should be maintained between 

20 - 30 cmH2O (8, 9). Clinically, the documented sequelae of a raised ETT cuff 

pressure include the following: sore throat, hoarse voice, blood-stained 

expectorant (10), oedema of the trachea, ulcers in the trachea, necrosis of the 

trachea, destruction of tracheal cartilage and subsequent tracheomalacia and in 

severe cases tracheal rupture and fistulae. Healing of any of these areas can 

result in tracheal and subglottic stenosis (7). 

When the pressure applied to the tracheal wall by an inflated ETT cuff exceeds 

perfusion pressure, blood supply will be compromised (7). In a study that used 

endoscopy to assess mucosal perfusion at different ETT cuff pressures, it was 

shown that when a lateral wall pressure of 30 cmH2O was exerted on the trachea, 

there was already evidence that mucosal blood flow was obstructed. At a pressure 

of 40 cmH2O blood flow over the cartilaginous rings as well as the posterior aspect 

of the tracheal wall was compromised (9).  

The result of compromised mucosal blood flow is ischaemia, mucosal sloughing 

and ulceration. Inflammatory cells begin to accumulate in the ischaemic tissue and 

bacterial infiltration can occur. Ultimately these changes at the tissue level can 

result in the breakdown of cartilage and soft tissue in the tracheal wall (7). 

Superficial damage can occur if the ETT cuff pressure is elevated for as little as 15 

minutes (9). During the healing process, the inflammatory response results in 

granulation tissue forming, which then progresses to form collagen fibres which 

contribute to fibrous thickening of the area. If severe enough this eventually results 

in subglottic stenosis (11). If the destruction of the soft tissue and cartilage is 

allowed to progress, erosion into adjacent structures can occur, resulting in 

tracheoarterial and tracheoesophageal fistulae (7).  
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1.5 Complications of under-inflated ETT cuffs 

While the complications of over-inflated ETT cuffs have been well described, 

under-inflated ETT cuffs, particularly in patients admitted to intensive care units 

(ICU), carry a risk of inadequate tidal volume delivery due to air leaking past the 

ETT cuff, alveolar derecruitment and aspiration pneumonia secondary to 

oropharyngeal secretions leaking past the ETT cuff. It has been shown that ETT 

cuff pressure below 20 cmH2O is an independent risk factor for developing 

ventilator-associated pneumonia (8).  

Despite ETT cuff pressure playing a role in preventing leakage past the ETT, it has 

been shown that high-volume, low-pressure ETT cuffs form folds along the ETT 

cuff, creating gaps between the ETT cuff and the tracheal wall. Studies have 

assessed fluid leakage past high-volume, low-pressure ETT cuffs at various 

intracuff pressures and in various brands and models of ETTs. These studies 

found that even at pressures of 30 cmH2O, the maximum prescribed pressure, 

small volumes of fluid still leak past the inflated ETT cuff (12-14). 

1.6 Factors affecting ETT cuff pressure 

Several factors have been identified as affecting ETT cuff pressure, after inflation 

by the intubating doctor has taken place. High peak airway pressures have been 

shown to increase ETT cuff pressures (15). The use of nitrous oxide is known to 

increase ETT cuff pressures as it is more soluble than the air inside the ETT cuff. 

Enclosed spaces expand if the gas they are exposed to is more soluble than the 

gas within them (16). Nguyen et al, in 1999, (17) supported this theory by 

demonstrating that when an ETT cuff was filled with a mixture of air and nitrous 

oxide, the pressures did not increase as significantly as when only air was used to 

fill the ETT cuff. Body and head movements in ICU patients have been shown to 

be a risk factor for elevated ETT cuff pressures, as well as coughing and 

suctioning (18). Patients undergoing laparoscopic surgery have been assessed to 

determine if insufflation of the abdomen has any effect on the ETT cuff pressure. 

In 2014, Wu et al (19) found that after insufflation ETT cuff pressures increased by 

as much as 5 - 7 cmH2O. A further increase was noted when patients were put in 

the head-down position to facilitate laparoscopic surgery. Patient positioning is 
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also known to have an impact on ETT cuff pressures in ICU patients. It has been 

shown that any position other than the “supine position with neutral head position” 

has an impact on ETT cuff pressure with head anteflexion causing the greatest 

increase in pressures (20). Motoyama et al, in 2014, (21) showed that with time,  

ETT cuffs deflate and therefore have a drop in pressure, although it is unclear if 

the reason for this is a gradual escape of air from the ETT cuff or if air is lost 

during the measurement of ETT cuff pressure. The ideal gas laws demonstrate the 

effect that temperature has on gas volume and pressure. Gay-Lussacs law states 

that at a constant volume, pressure is directly proportional to temperature,  

(!"
#"

 = !$
#$

) 

therefore if temperature increases, the pressure will increase (22). It has been 

shown that if the temperature of the gas inside the ETT cuff changes, the ETT cuff 

pressure may also be affected. This has significance in hypothermic patients who 

are rewarmed after intubation (23). ETT size has been evaluated as a factor 

affecting ETT cuff pressure in a number of studies but has largely been found to 

have no impact when the correct size ETT is chosen for the patient (24-26). 

1.7 Methods of ETT cuff pressure estimation  

A systematic review including nine studies, seven of which were randomised 

control trials, found that when ETT cuff pressure measurement is performed 

objectively with a manometer, significantly lower pressures are achieved when 

compared with subjective estimation techniques (27) 

A number of subjective techniques to estimate ETT cuff pressure are employed by 

doctors and nurses. Techniques commonly described include the following: 

• minimal occlusive volume technique (MOV) involves injecting air into the 

ETT cuff until no leak can be heard during positive pressure ventilation  

• minimum leak technique (MLT) entails air being injected into the ETT cuff 

while auscultating the trachea until only a small leak is heard 

• predetermined volume technique involves a volume of air, chosen at 

random, being injected into the ETT cuff 
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• finger palpation technique, also known as pilot balloon palpation (PBP), is 

where the ETT cuff pressure is estimated by palpating the pilot balloon (28). 

Studies have shown that estimation techniques are ineffective. Stewart et al (28), 

in the United States of America (USA), in 2003, showed that estimation 

techniques, including MLT, predetermined volume and PBP, yielded pressures 

greater than 40 cmH2O in 60% of patients. A study done in the USA, in 2004 (26), 

involved 93 patients and nurse anaesthetists, anaesthetic residents and 

anaesthesiologists in three different hospitals. It was shown that when estimating 

ETT cuff pressure without a manometer, only 27% of patients had ETT cuff 

pressures within the recommended range. ETT cuff pressures were below the 

recommended range in 23% of patients, while 50% were above. A study 

performed in two Johannesburg hospitals, in 2015 (24), with a sample size of 96, 

showed that in 64.5% of cases the ETT cuff pressure was above the 

recommended limit of 30 cmH2O and only 18.7% of patients had ETT cuff 

pressures within the recommended range. The technique used most commonly 

was MOV, followed by the predetermined volume technique and then PBP. The 

difference between the pressures obtained with the various techniques was 

statistically insignificant. A randomised trial done by Tsaousi et al, in Greece, in 

2018 (29) compared MOV, MLT, PBP and a fourth method they call air return 

method. It found that PBP had the highest incidence of over-inflation. The MLT 

had no cases of over-inflation, however, the highest incidence of underinflation 

was found in this group. MOV only showed over-inflation in 2.9% of cases, 

however 55.8% showed underinflation. A 2019 study, done in Iran (30), showed 

when the MLT was performed a mean ETT cuff pressure of 33.72 cmH2O was 

obtained and when a predetermined volume was used a mean ETT cuff pressure 

of 46.07 cmH2O was obtained. 

PBP has been shown to be a poor predictor of ETT cuff pressure (31, 32). In 1990 

in Spain, Fernandez et al (33) inflated ETT cuffs to low, recommended and high 

pressures and had physicians and nurses, at various levels of experience, 

estimate which category the ETT cuff pressure would fall into. The study showed 

that regardless of the level of experience of the medical professional, the accuracy 

of determining the ETT cuff pressure was poor. A study done in South Africa in 
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2011, looking at 44 care providers in the field of emergency medicine including 

nurses, paramedics and physicians showed that PBP had very low sensitivity for 

assessing ETT cuff pressures. Most participants estimated an ETT cuff pressure 

to be too low when, in fact, it was within the recommended range, and when ETT 

cuff pressures were high, they were assessed as being normal. Once again, years 

of experience did not determine accuracy in determining ETT cuff pressure with 

PBP (34). Another study, done in Poland in 2018, showed that although the ETT 

cuff pressures measured lower as the level of experience of the medical 

professional increased, with PBP, the median value for the most experienced care 

providers was still above the recommended range (35).  

1.8 The pressure relief technique as a method of ETT cuff pressure 
estimation 

A novel method of ETT cuff pressure estimation has been described with 

variations in name and methodology, in a number of studies. This method has 

been called the pressure relief valve technique (36), the passive release technique 

(37-39), and the air return method (29). Some articles have not named the 

technique but describe a similar concept (40-42). It will be referred to as the 

pressure relief technique (PRT) in this review. 

1.8.1 Physical principles of the pressure relief technique 

The principle of PRT is when the ETT cuff is over-inflated, it causes tracheal 

distention which then exerts an “opposing force of resistance” (36) on the ETT 

cuff. When the pilot balloon valve is opened by attaching a syringe, this force is 

transmitted to the plunger of the syringe and pushes it backwards. Theoretically, 

“when the syringe plunger stops moving, the tracheal wall pressure is considered 

equal to the cuff pressure, thus maintaining it at safe levels” (36). This relies on the 

physics principle of air moving down a pressure gradient. 

1.8.2 Variations of the pressure relief technique 

The first documented use of this technique that could be found is a 1988 study, in 

USA, where Gravenstein and Burwick (43) noted that “when inflating tube cuffs … 

when the inflating syringe is left inserted in the inflating (pilot) valve of the cuff after 
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inflation, the plunger of the syringe partially recoils.” In this study a tracheal model 

was used and a predetermined volume of air (5 ml if a 5 ml syringe was used and 

6 ml if a larger syringe was used) was inserted into the ETT cuff. The baseline 

pressure was measured, the ETT cuff was then deflated and re-inflated with the 

same volume of air and the syringe was left attached. The pressure was then 

measured after one minute. The syringe sizes used were 5 ml, 6 ml, 10 ml and 

12 ml and 20 of each size were tested. The results showed that when the syringe 

was left attached and allowed to recoil, ETT cuff pressures were significantly 

lower. The 5 ml syringe gave the highest pressures of all four sizes, with a range 

of 42 - 130 cmH2O with the syringe attached, compared to 160 - 206 cmH2O 

when the syringe was not left attached. The best results were obtained with the 

6 ml syringe which gave pressures of 19 - 50 cmH2O with the syringe attached 

compared to 180 - 250 cmH2O when the syringe was not left attached. It was 

noted that no leaks were present during positive pressure ventilation with a test 

lung attached for all syringe sizes. Of note is that despite pressures being 

significantly lower after the intervention, they still remained above the 

recommended limit (43). This could be attributed to a tracheal model being used 

which would not have the same properties as the human trachea.  

In 1990, in USA, Resnikoff and Katz (41) noted how the study by Gravenstein and 

Burwick (43) failed to achieve the recommended pressures and attributed it to the 

high resistance of the syringes. The authors attempted to overcome this problem 

by using an epidural syringe and adding weights to the plunger. First, using a 

tracheal model, the ETT cuff was randomly inflated to 47 - 135 cmH2O. Ten 

standard 6 ml syringes and 10 epidural syringes were tested by attaching them to 

the pilot balloon valve and allowing the plunger to recoil. Weights were added to 

the plungers of the epidural syringes until a pressure of 20 cmH2O was achieved. 

They found that appropriate pressures were achieved when a 10 g weight was 

attached to the plunger. The mean post-recoil pressure after using the 6 ml 

syringes was 62 cmH20. To determine the reproducibility, one modified epidural 

syringe was used 50 times and it was found to have a mean post-recoil pressure 

of 19 cmH2O. The modified epidural syringe was then tested on 20 patients. After 

the intubator had over inflated the ETT cuffs to various pressures, the investigators 

measured the baseline pressure and then attached the modified syringe and 
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allowed the plunger to recoil until it stopped. The pressures achieved post recoil 

ranged from 13.5 - 21.7 cmH2O with no leaks noted on positive pressure 

ventilation. The resultant pressures were independent of the initial ETT cuff 

pressure (41). 

In 2002, in Israel, Somri et al (42) attempted to prevent the gradual increase in 

ETT cuff pressure during anaesthesia with nitrous oxide. A 20 ml syringe was left 

attached to the pilot balloon valve after ETT cuff inflation, for the duration of 

anaesthesia. ETT cuff pressure was measured hourly and the investigators 

auscultated over the sternal notch to check for air leaks hourly. The results of the 

study were promising with all the ETT cuff pressures remaining stable for the 

duration of surgery at around 15 cmH2O. It is also reported that there were no air 

leaks for the duration of surgery. The study concludes by suggesting this method 

as an inexpensive way of controlling ETT cuff pressure during anaesthesia with 

nitrous oxide, however, no comparison was made to the stability of the ETT cuff 

pressure without the syringe being left attached to the pilot balloon valve (42). 

One variable that is not standardised in studies describing this method is the brand 

and size of syringe used. Mac Murdo and Buffington, in USA (44), in 2004, looked 

at variation between brands and sizes and claim that these are both important 

factors which do impact outcomes. A three-phase experiment was performed 

where the barrel of a 60 ml syringe was used to imitate a trachea and a size 7.0 

ETT was used. 

Phase 1 

The ETT cuff was inflated with air, to 48 - 61 cmH2O. With a pressure transducer 

attached to the ETT cuff, 70% nitrous oxide was passed into the simulated trachea 

and ETT cuff pressures were recorded for one hour. It was found that pressures 

increased approximately 1.4 cmH2O every two minutes and on average, increased 

by 38 cmH2O in an hour (44). 

Phase 2 

A three-way tap was attached to the pilot balloon along with a pressure transducer 

and a syringe which had been “warmed up” by pushing the plunger in and out 
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twice. In this phase, 20 ml Terumo syringes, as well as 20 ml and 60 ml Becton 

Dickinson (BD) syringes were used. A fixed volume of 20 ml of air was injected 

into the ETT cuff and the plunger was then allowed to recoil until it stopped. The 

pressure at which the plunger stopped moving was recorded and labelled the 

“stick pressure”. The three-way tap set up was then left in place as the ETT cuff 

was once again exposed to 70% nitrous oxide. It was found that even when the 

syringe was left in place as a pressure relief system, pressures continued to 

increase during nitrous oxide exposure, on average by 35 cmH2O over an hour. 

The results were similar for all three syringes tested (44). These results are in 

opposition to Somri et al’s (42) findings. One possible reason for the syringe not 

adjusting for the increased pressure is that static friction has occurred in the 

syringe, which prevents the plunger from moving after a being stationary for a 

period of time. The plunger may therefore need to be “warmed up” at intervals as it 

was at the beginning of the experiment (44).  

Phase 3 

The “stick pressure” was determined in an identical manner to Phase 2. An 

additional three-way tap was then added to the system so that a second syringe 

could be included. The ETT cuff was excluded, so there was a continuous system 

connecting the two syringes and the manometer. The pressure in the syringe 

being tested was gradually increased by pushing air from the second syringe into 

the system until the test syringe plunger began moving back. The pressure at 

which this occurred was documented and called the “slip pressure”. During this 

phase, the effect of temperature on stick pressures was also investigated by 

warming the syringes to 45° C and repeating the experiment. The syringes tested 

in this phase were 10 ml, 20 ml and 60 ml BD, 20 ml Terumo and 20 ml 

MonojectÔ. The findings showed great variability among sizes and brands. Slip 

pressures ranged from 64 cmH20 (60 ml BD) to 190 cmH2O (20 ml Terumo). 

Clinically, if a syringe required such high pressures in order for the plunger to 

begin recoiling, this method would not be feasible as it is unlikely that an 

anaesthetist would inflate the ETT cuff to such pressures initially. Stick pressures 

also varied, the 60 ml BD had the lowest at 31 cmH2O and the 20 ml MonojectÔ 

had the highest at 82 cmH20 (mean values). Also of value to note is that when one 
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syringe was repeatedly used Terumo syringes showed consistency whereas BD 

syringes tended to get sticky with repeated use. The temperature did not appear to 

have an effect on the stick and slip pressures (44). The physical principles 

governing the behaviour of various syringes will be discussed in section 1.8. The 

limitations of this study include a tracheal model being used rather than patients 

and it appears that one ETT was used for the duration of the study. It is not certain 

whether the elastic properties of the ETT cuff would be altered after many 

inflations and deflations. It is also not known how the addition of three-way taps to 

the system affects the resistance and reliability of the method (44).  

A study performed in Korea, in 2009 (37), on 88 patients, used the PRT with both 

10 ml and 20 ml syringes and two different brands of ETT. A predetermined 

volume of air (determined by how much air is required to fill the ETT cuff) was 

injected and then the syringe allowed to recoil spontaneously. The resultant ETT 

cuff pressure was then measured. The resultant ETT cuff pressures are shown in 

table 1: 

Table 1: Cuff pressures after PRT in two different ETT brands with both 10 
ml and 20 ml syringes 

 ETT cuff Pressures (cmH2O) 

Euromedicalâ  ETT Portexâ ETT 

10 ml syringe 25.6 – 30.4 24.7 – 28.0 

20 ml syringe 12.5 – 15.5 15.9 – 19.3 

 

The pressures differed significantly between 10 ml and 20 ml syringes, with lower 

pressures being recorded when the 20 ml syringes were used (p<0.05) (37). 

Important to note is that pressures achieved were largely below the maximum 

recommended ETT cuff pressure of 30 cmH2O. 
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Cho et al, in Korea, in 2010, conducted a follow up study by comparing three 

groups of physicians: group A which inflated the ETT cuff using PBP, group B 

which used the PRT with a 10 ml syringe and group C which used the PRT with an 

epidural syringe. This study was done on mannikins. The optimal range of ETT 

cuff pressures defined in this study was 16 – 40 cmH2O.  Group A had a mean 

ETT cuff pressure of 78.2 cmH2O and only 16.7% of ETT cuff pressures were 

within the recommended range. Group B had a mean ETT cuff pressure of 

56.1 cmH2O and 23.3% were in the recommended range. Group C had a mean 

ETT cuff pressure of 19.1 cmH2O with 100% in the recommended range (38). 

Park et al, in Korea, in 2010 (39) investigated the PRT using mannikins, with 29 

nurses inflating ETT cuffs using both PBP and PRT. Ease of use as well as 

resultant ETT cuff pressures were compared. A 10 ml syringe was used. No 

statistically significant difference was found in the ease of use of the two methods. 

There was, however, a significant difference between the ETT cuff pressures 

obtained when using the PBP method and the PRT method. The average ETT cuff 

pressure achieved using the PBP method was 39.3 cmH2O and only 13.8% of 

nurses inflated the ETT cuffs to the recommended pressure. In comparison, 65.5% 

of nurses inflated the ETT cuffs to recommended pressures using PRT with the 

average ETT cuff pressure being 24.2 cmH2O(39).  

In 2014, a study conducted in Brazil, by Annoni et al, (36) first looked at 10 ml and 

20 ml syringes in a tracheal model and then 5 ml, 10 ml and 20 ml syringes were 

tested on 20 ICU patients. The technique used was to attach a three-way tap to 

the pilot balloon valve and a manometer and syringe. Air was pushed into the ETT 

cuff with the syringe, taking small pauses until the plunger began to recoil. Once 

the plunger stopped moving the ETT cuff pressure was measured. In the first 

phase of the study where the tracheal model was used, the ETT cuff pressures 

remained above the recommended limit after the PRT: 45.2-59.6 cmH2O for the 

10 ml syringe and 35-84 cmH2O for the 20 ml syringe. The correlation coefficients 

indicate that there is no reproducibility between syringes of the same brand and 

size. When tested on the ICU patients, all three sizes of syringes gave pressures 

above the recommended limit: mean of 105 cmH2O for 5 ml, 69 cmH2O for 10 ml 

and 45 cmH2O for 20 ml (36). As other studies (38, 44) using tracheal models 
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have shown, the technique is not reliable in these models which do not have the 

same properties as a human trachea. The patients in this study were not 

anaesthetised and therefore the many factors that affect ETT cuff pressure that 

have been discussed in section 1.5, such as patient movement, position and 

coughing, could have affected the results. It also appears that the method of 

inflating the ETT cuff would allow for much operator-dependent variability with no 

standardisation in pause time or amount of air instilled into the ETT cuff. 

The study by Tsaousi et al (29) has already been mentioned in section 1.6 as they 

compared four methods of ETT cuff pressure estimation. The inadequacy of PBP, 

MOV and MLT found by this study has already been discussed. In the fourth 

group, that included 34 patients, the PRT was used (called the air return method in 

this study). The specific methods used in this study are not clearly outlined. It is 

known that the ETT cuff was over inflated and that air was allowed to return to the 

syringe. It appears that a 10 ml syringe was used, as this was the syringe used for 

ETT cuff inflation throughout the study. ETT cuff pressures were then measured. It 

was found that 70% of patients in the PRT group had ETT cuff pressures within 

the recommended limit. The rate of underinflation in this group was 29,4% and 

only one patient’s ETT cuff was inflated above the recommended pressure limit. It 

was found that the rate of both under and over-inflation varied significantly 

between the four groups (29). 

More recently, in 2017, in Uganda (40), a study investigated this method of ETT 

cuff pressure estimation using a 7 ml loss of resistance syringe. The sample 

included 178 patients who were randomised to either a PBP group or a loss of 

resistance group (for consistency this group will be referred to as the PRT group). 

In the PBP group, the anaesthetist was asked to inflate or deflate the ETT cuff to 

what they thought was the correct pressure based on palpation of the pilot balloon 

and the ETT cuff pressure was measured. In the PRT group, a 7 ml loss of 

resistance syringe was attached to the pilot balloon, the ETT cuff was briefly over 

inflated and then the plunger of the syringe was allowed to passively recoil. Once 

the plunger had stopped moving, pressure was recorded. No mention is made of 

how much air was initially instilled into the ETT cuff in order to achieve the brief 

period of over-inflation or if a new syringe was used for each patient. The results 
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showed 66.3% of patients in the PRT group had an ETT cuff pressure within the 

recommended range, which was significantly more than 22.5% in the PBP group. 

More ETT cuffs were found to be under-inflated in the PRT group, but it is not 

known if the difference is significant. In the PRT group, only one ETT cuff pressure 

was found to be above 40 cmH2O compared to 43 in the PBP group (40). 

In summary, the results of the studies that have looked at PRT are variable. Both 

technique and type of syringe used are not standardised and it is not possible to 

have a clear indication on whether this is a reliable technique or not. The majority 

of studies performed on patients and not tracheal models have shown positive 

results.  

1.9 The physics of pressure in different sized syringes  

It is not clear, from the discussed evidence, which syringe size and type would be 

ideal for the PRT. The physical principles of the syringes need to be considered to 

determine which syringe choice would be suitable.  

The friction between the syringe plunger and barrel that needs to be overcome 

before the plunger begins to recoil is static friction. The friction between the 

plunger and the barrel that resists the movement of the plunger after it has begun 

recoiling is dynamic friction. Syringe plungers often have synthetic rubber at the tip 

of the plunger and are lubricated with silicone which reduces dynamic friction. The 

material the syringe is made from and the lubrication used will have an effect on 

the friction observed. Static friction also increases with time and therefore the 

pulling back and forth of the plunger, which has been seen in many of the studies 

mentioned is important to reduce this friction.  

The size of the syringe used will have an impact on results. It is known that 

pressure equals force per unit area: 

𝑃 =
𝐹
𝐴 

meaning the pressure required to overcome a force is indirectly proportional to the 

surface area over which the force is acting (22). The force that needs to be 

overcome for the syringe plunger to be moved backwards is the static friction 
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between the plunger and the barrel of the syringe. Therefore “the larger surface 

area of the plunger of larger syringes means less pressure is required to overcome 

the force resulting from dynamic friction” (44). 

1.10 Summary 

With the advent of endotracheal intubation, it became clear that a seal between 

the trachea and the tube is necessary to allow for positive pressure ventilation and 

to protect the lower airways. With the ETT cuff in use, the complications of high 

ETT cuff pressures became an issue that needed addressing, hence the 

development of the high-volume, low-pressure ETT cuffs. However, even with 

these ETT cuffs, it has been shown that it is possible to have ETT cuff pressures 

which exceed tracheal perfusion pressures and therefore result in tracheal 

damage. Furthermore, studies have shown that under-inflated ETT cuffs can have 

negative effects on the intubated patient. It is therefore essential to obtain ETT cuff 

pressures within the recommended range.  

Various patient, anaesthetic and surgical factors have been shown to have an 

effect on ETT cuff pressures and therefore, in a study assessing ETT cuff pressure 

measurements, these factors should be excluded. In the absence of a manometer 

to directly measure ETT cuff pressure, many estimation techniques have been 

used in an attempt to obtain ETT cuff pressures within the recommended range. 

Studies looking at the accuracy of these estimation techniques largely show that 

they yield pressures outside of the recommended range. It is therefore crucial that 

a more accurate technique is developed for use in resource-limited settings where 

no manometer is available. The PRT has been described with variations in 

methodology as well as outcomes. More research using a method based on 

accurate physical principles and standardised conditions is required to assess the 

accuracy of this technique in obtaining ETT cuff pressures within the 

recommended range.  
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Section 2: Author’s guidelines 

Journal of Clinical Anaesthesia (JCA) 

The Journal of Clinical Anesthesia (JCA) publishes definitive, peer-reviewed 

articles devoted to the clinical practice of anesthesia. The JCA should be a 

participant in continuing education of clinicians, forecast important issues and 

trends in anesthesia, and foster responsible debate on controversial issues. As an 

international journal, it encourages cross-communication between different 

cultures, informing our readers about medical and sometimes nonmedical 

journalism, and provides enjoyable reading. Advertising between the pages of 

editorial content is not permitted.  

Be advised that our average review period is now fewer than thirty days. 

Images: 

The section "Images" can now include "Graphical Abstracts" or "Infographics."  

A graphical abstract is a single, concise, pictorial and visual summary of the main 

findings of the article. This could either be the concluding figure from the article or 

a figure that is specially designed for the purpose, which captures the content of 

the article for readers at a single glance. Please see examples below. The 

graphical abstract will be displayed in online search result lists, the online contents 

list and the online article, but will not (yet) appear in the article PDF file or print.  

Author instructions 

A graphical abstract should allow readers to quickly gain an understanding of the 

main take-home message of the paper and is intended to encourage browsing, 

promote interdisciplinary scholarship, and help readers identify more quickly which 

papers are most relevant to their research interests. Authors must provide an 

image that clearly represents the work described in the paper. A key figure from 

the original paper, summarising the content can also be submitted as a graphical 

abstract. Graphical abstracts should be submitted as a separate file in the 
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submission system by selecting "graphical abstracts" from the drop-down list when 

uploading files.  

Specifications: 

A graphical abstract should be a one-image file and should visualize one process 

or make one point clear. For ease of browsing, the graphical abstract should have 

a clear start and end, preferably "reading" from top to bottom or left to right. Try to 

reduce distracting and cluttering elements as much as possible.  

• Image size: Please provide an image with a minimum of 531 x 1328 pixels 
(hxw) using a minimum resolution of 300 dpi. If you are submitting a larger 
image then please use the same ratio (200 high x 500 wide). Please note 
that your image will be scaled proportionally to fit in the available window on 
ScienceDirect; a 500 by 200 pixel rectangle. 

• Font: Please use Times, Arial, Courier or Symbol font with a large enough 
font size as the image will be reduced in size for the Table of Contents to fit 
a window of 200 pixels high. 

• File type: preferred file types are TIFF, EPS, PDF or MS Office files. 
• No additional text, outline or synopsis should be included. Any text or label 

must be part of the image file. Please do not use unnecessary white space 
or a heading "graphical abstract" within the image file. 

Submission checklist  
 

You can use this list to carry out a final check of your submission before you send 

it to the journal for review. Please check the relevant section in this Guide for 

Authors for more details.  

Ensure that the following items are present: 

One author has been designated as the corresponding author with contact details: 

• E-mail address 

• Full postal address  

All necessary files have been uploaded: 

Manuscript: 

• Include keywords 

• All figures (include relevant captions) 

• All tables (including titles, description, footnotes) 
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• Ensure all figure and table citations in the text match the files provided 

• Indicate clearly if color should be used for any figures in print 

Graphical Abstracts / Highlights files (where applicable) 

Supplemental files (where applicable) 

Further considerations 

• Manuscript has been 'spell checked' and 'grammar checked' 

• All references mentioned in the Reference List are cited in the text, and vice 

versa 

• Permission has been obtained for use of copyrighted material from other sources 

(including the Internet) 

• A competing interests statement is provided, even if the authors have no 

competing interests to declare 

• Journal policies detailed in this guide have been reviewed 

• Referee suggestions and contact details provided, based on journal 

requirements  

For further information, visit our Support Center. 

Ethics in publishing  

 

Please see our information pages on Ethics in publishing and Ethical guidelines for 

journal publication. 

Declaration of interest  
 

All authors must disclose any financial and personal relationships with other 

people or organizations that could inappropriately influence (bias) their work. 

Examples of potential competing interests include employment, consultancies, 

stock ownership, honoraria, paid expert testimony, patent 

applications/registrations, and grants or other funding. Authors must disclose any 

interests in two places: 1. A summary declaration of interest statement in the title 

page file (if double-blind) or the manuscript file (if single-blind). If there are no 

interests to declare then please state this: 'Declarations of interest: none'. This 

summary statement will be ultimately published if the article is accepted. 2. 
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Detailed disclosures as part of a separate Declaration of Interest form, which 

forms part of the journal's official records. It is important for potential interests to be 

declared in both places and that the information matches. More information. 

 

Funding sources and corporate or institutional associations must be acknowledged 

on the title page of the submitted article. In the cover letter accompanying the 

manuscript, provide the names of associations, consultancies, individual 

philanthropists, stock ownership, or other equity interest (e.g., patent or licensing 

arrangements). If the manuscript is accepted for publication, disclosure of this 

information will be discussed with the author(s). 

Submission declaration and verification  

 

Submission of an article implies that the work described has not been published 

previously (except in the form of an abstract, a published lecture or academic 

thesis, see 'Multiple, redundant or concurrent publication' for more information), 

that it is not under consideration for publication elsewhere, that its publication is 

approved by all authors and tacitly or explicitly by the responsible authorities 

where the work was carried out, and that, if accepted, it will not be published 

elsewhere in the same form, in English or in any other language, including 

electronically without the written consent of the copyright-holder. To verify 

originality, your article may be checked by the originality detection service Crossref 

Similarity Check. 

Preprints  

Please note that preprints can be shared anywhere at any time, in line with 

Elsevier's sharing policy. Sharing your preprints e.g. on a preprint server will not 

count as prior publication (see 'Multiple, redundant or concurrent publication' for 

more information). 

Use of inclusive language  

 

Inclusive language acknowledges diversity, conveys respect to all people, is 

sensitive to differences, and promotes equal opportunities. Content should make 

no assumptions about the beliefs or commitments of any reader; contain nothing 
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which might imply that one individual is superior to another on the grounds of age, 

gender, race, ethnicity, culture, sexual orientation, disability or health condition; 

and use inclusive language throughout. Authors should ensure that writing is free 

from bias, stereotypes, slang, reference to dominant culture and/or cultural 

assumptions. We advise to seek gender neutrality by using plural nouns 

("clinicians, patients/clients") as default/wherever possible to avoid using "he, she," 

or "he/she." We recommend avoiding the use of descriptors that refer to personal 

attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability 

or health condition unless they are relevant and valid. These guidelines are meant 

as a point of reference to help identify appropriate language but are by no means 

exhaustive or definitive. 

Author contributions  

 

For transparency, we encourage authors to submit an author statement file 

outlining their individual contributions to the paper using the relevant CRediT roles: 

Conceptualization; Data curation; Formal analysis; Funding acquisition; 

Investigation; Methodology; Project administration; Resources; Software; 

Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - 

review & editing. Authorship statements should be formatted with the names of 

authors first and CRediT role(s) following. More details and an example 

Authorship  

 

All authors should have made substantial contributions to all of the following: (1) 

the conception and design of the study, or acquisition of data, or analysis and 

interpretation of data, (2) drafting the article or revising it critically for important 

intellectual content, (3) final approval of the version to be submitted. 

Changes to authorship  

 

Authors are expected to consider carefully the list and order of 

authors beforesubmitting their manuscript and provide the definitive list of authors 

at the time of the original submission. Any addition, deletion or rearrangement of 

author names in the authorship list should be made only before the manuscript 
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has been accepted and only if approved by the journal Editor. To request such a 

change, the Editor must receive the following from the corresponding author: (a) 

the reason for the change in author list and (b) written confirmation (e-mail, letter) 

from all authors that they agree with the addition, removal or rearrangement. In the 

case of addition or removal of authors, this includes confirmation from the author 

being added or removed. 

Only in exceptional circumstances will the Editor consider the addition, deletion or 

rearrangement of authors after the manuscript has been accepted. While the 

Editor considers the request, publication of the manuscript will be suspended. If 

the manuscript has already been published in an online issue, any requests 

approved by the Editor will result in a corrigendum. 

Copyright  
 

Upon acceptance of an article, authors will be asked to complete a 'Journal 

Publishing Agreement' (see more information on this). An e-mail will be sent to the 

corresponding author confirming receipt of the manuscript together with a 'Journal 

Publishing Agreement' form or a link to the online version of this agreement. 

Subscribers may reproduce tables of contents or prepare lists of articles including 

abstracts for internal circulation within their institutions. Permission of the 

Publisher is required for resale or distribution outside the institution and for all 

other derivative works, including compilations and translations. If excerpts from 

other copyrighted works are included, the author(s) must obtain written permission 

from the copyright owners and credit the source(s) in the article. Elsevier 

has preprinted forms for use by authors in these cases. 

For gold open access articles: Upon acceptance of an article, authors will be 

asked to complete an 'Exclusive License Agreement' (more information). Permitted 

third party reuse of gold open access articles is determined by the author's choice 

of user license. 

Author rights 

As an author you (or your employer or institution) have certain rights to reuse your 

work. More information. 
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Acceptable Secondary Publication  

Secondary publication in the same or another language, especially in other 

countries, is justifiable, and can be beneficial, provided all of the following 

conditions are met: 

• The authors have received approval from the editors of both journals; the 
editor concerned with secondary publication must have a photocopy, 
reprint, or manuscript of the primary version. 

• The priority of the primary publication is respected by a publication interval 
of at least one week (unless specifically negotiated otherwise by both 
editors). 

• The paper for secondary publication is intended for a different group of 
readers; an abbreviated version could be sufficient. 

• The secondary version reflects faithfully the data and interpretations of the 
primary version. 

• A footnote on the title page of the secondary version informs readers, 
peers, and documenting agencies that the paper has been published in 
whole or in part, and states the primary reference. A suitable footnote might 
read: "This article is based on a study first reported in [title of journal, with 
full reference]." 

 

Permission for such secondary publication should be free of charge. 

Elsevier supports responsible sharing  

Find out how you can share your research published in Elsevier journals. 

Role of the funding source  

 

You are requested to identify who provided financial support for the conduct of the 

research and/or preparation of the article and to briefly describe the role of the 

sponsor(s), if any, in study design; in the collection, analysis and interpretation of 

data; in the writing of the report; and in the decision to submit the article for 

publication. If the funding source(s) had no such involvement then this should be 

stated. 

Open access  

 

Please visit our Open Access page for more information. 
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Elsevier Researcher Academy  

Researcher Academy is a free e-learning platform designed to support early and 

mid-career researchers throughout their research journey. The "Learn" 

environment at Researcher Academy offers several interactive modules, webinars, 

downloadable guides and resources to guide you through the process of writing for 

research and going through peer review. Feel free to use these free resources to 

improve your submission and navigate the publication process with ease. 

Language (usage and editing services)  
Please write your text in good English (American or British usage is accepted, but 

not a mixture of these). Authors who feel their English language manuscript may 

require editing to eliminate possible grammatical or spelling errors and to conform 

to correct scientific English may wish to use the English Language Editing 

service available from Elsevier's Author Services. 

Informed consent and patient details  

 

Studies on patients or volunteers require ethics committee approval and informed 

consent, which should be documented in the paper. Appropriate consents, 

permissions and releases must be obtained where an author wishes to include 

case details or other personal information or images of patients and any other 

individuals in an Elsevier publication. Written consents must be retained by the 

author but copies should not be provided to the journal. Only if specifically 

requested by the journal in exceptional circumstances (for example if a legal issue 

arises) the author must provide copies of the consents or evidence that such 

consents have been obtained. For more information, please review the Elsevier 

Policy on the Use of Images or Personal Information of Patients or other 

Individuals. Unless you have written permission from the patient (or, where 

applicable, the next of kin), the personal details of any patient included in any part 

of the article and in any supplementary materials (including all illustrations and 

videos) must be removed before submission. 

 

In all manuscripts reporting the results of human studies, a statement must appear 

in the Materials and Methods section indicating that approval was obtained from 
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the institutional review board (IRB) and that all human subjects signed written 

informed consent. Cite in the text the full (hospital) name of the IRB. 

Submission  

 

Our online submission system guides you stepwise through the process of 

entering your article details and uploading your files. The system converts your 

article files to a single PDF file used in the peer-review process. Editable files 

(e.g., Word, LaTeX) are required to typeset your article for final publication. All 

correspondence, including notification of the Editor's decision and requests for 

revision, is sent by e-mail. 

Submit your article  

Please submit your article via http://www.evise.com/evise/jrnl/JCA. 

 

Authors who are unable to provide an electronic version or have other 

circumstances that prevent online submission must contact the Editorial Office 

prior to submission to discuss alternate options. The Publisher and Editors regret 

that they are not able to consider submissions that do not follow these procedures. 

Manuscript submission preparation  

 

Authors must upload the following items as separate files: a cover letter, an 

abstract, the manuscript, and any tables, figures, and figure legends. Revised or 

resubmitted manuscripts should also include a transmittal letter, explaining how 

the author has dealt with each of the reviewer's and Editor's comments, and this 

letter should be uploaded as a 'Revision Comments' file on the system. 

• Provide a cover letter indicating the name, address, tel., fax, and e-mail 

addresses of the individual to whom correspondence and questions should be 

directed. Include a statement that the contents have not been published elsewhere 

and the paper is not being submitted elsewhere. Also indicate that the manuscript 

has been read and approved by all co-authors. Finally, indicate to which category 

of publication the author is submitting the article: Original Contribution/Research 

Paper, Editorial, Case Report, Pharmacologic Review, Special Article (history, art, 

politics, etc.), or Letter to the Editor. 
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• Arrange the manuscript in the following order: title page, abstract (structured 

abstract if the work is an Original contribution only), text, acknowledgments, 

references, tables, illustrations, and legends for illustrations. 

• Text: Arrange the body of the manuscript in the following order, with each 

component beginning on a new page: Abstract, Introduction, Materials and 

Methods, Results, Discussion. 

• Number the pages in sequence, with the title page as page 1, the (structured) 

abstract as page 2, etc., with the page number in the upper right-hand corner. 

Peer review  

 

This journal operates a single blind review process. All contributions will be initially 

assessed by the editor for suitability for the journal. Papers deemed suitable are 

then typically sent to a minimum of two independent expert reviewers to assess 

the scientific quality of the paper. The Editor is responsible for the final decision 

regarding acceptance or rejection of articles. The Editor's decision is final. More 

information on types of peer review. 

Use of word processing software  

It is important that the file be saved in the native format of the word processor 

used. The text should be in single-column format. Keep the layout of the text as 

simple as possible. Most formatting codes will be removed and replaced on 

processing the article. In particular, do not use the word processor's options to 

justify text or to hyphenate words. However, do use bold face, italics, subscripts, 

superscripts etc. When preparing tables, if you are using a table grid, use only one 

grid for each individual table and not a grid for each row. If no grid is used, use 

tabs, not spaces, to align columns. The electronic text should be prepared in a 

way very similar to that of conventional manuscripts (see also the Guide to 

Publishing with Elsevier). Note that source files of figures, tables and text graphics 

will be required whether or not you embed your figures in the text. See also the 

section on Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 

'grammar-check' functions of your word processor. 

Article structure 
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Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. Subsections should 

be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in 

section numbering). Use this numbering also for internal cross-referencing: do not 

just refer to 'the text'. Any subsection may be given a brief heading. Each heading 

should appear on its own separate line. 

Introduction  

State the objectives of the work and provide an adequate background, avoiding a 

detailed literature survey or a summary of the results. 

Materials and Methods  

A clear and precise description of the experiment and the subjects from whom the 

data were derived. If subjects were randomized, describe the methods of 

randomization used. Identify all drugs and chemicals used, dosages, and routes of 

administration. Define all statistical methods used and, if appropriate, statistical 

references. Identify the name and address of the statistician who reviewed the 

data, if appropriate. 

Results  

A factual account of the study's findings. Present these as logically appropriate in 

text, tables, or illustrations; do not repeat in the text what is demonstrated in a 

table or illustration. 

Discussion  

A summary emphasizing new and important aspects of the study's conclusions. 

Ensure that all conclusions are justified by the results of the study. Identify the 

implications of the findings and their limitations, including implications for future 

research. Look at the pros and cons of the methods and results. Compare the 

implications and limitations of these findings with those reported in other essential 

studies. State new hypotheses when warranted, but clearly label them as such. 

Recommendations, where appropriate, may be included. 

Appendices  

If there is more than one appendix, they should be identified as A, B, etc. 



30 

Formulae and equations in appendices should be given separate numbering: Eq. 

(A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for 

tables and figures: Table A.1; Fig. A.1, etc. 

Essential Title Page Information  

 

• Title. Concise and informative. Titles are often used in information-retrieval 

systems. Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Give the first name, middle initial, and last name 

of all authors. Where the family name may be ambiguous (e.g., a double name), 

please indicate this clearly. List each author's highest academic degree in 

parentheses after their name. Present the authors' affiliation addresses (where the 

actual work was done) below the names. Indicate all affiliations with a lower-case 

superscript letter immediately after the author's name and in front of the 

appropriate address. Provide the full postal address of each affiliation, including 

the country name and, if available, the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all 

stages of refereeing and publication, also post-publication. Ensure that phone 
numbers (with country and area code) are provided in addition to the e-mail 
address and the complete postal address. Contact details must be kept up to 
date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described 

in the article was done, or was visiting at the time, a 'Present address' (or 

'Permanent address') may be indicated as a footnote to that author's name. The 

address at which the author actually did the work must be retained as the main, 

affiliation address. Superscript Arabic numerals are used for such footnotes. 

•Running title. Provide a running title of up to 50 characters. 

•Disclosures. Acknowledge grants, sponsors, and funding sources that provided 

direct financial support to the research work contained in the manuscript. 

Highlights  

 

Highlights are mandatory for this journal as they help increase the discoverability 

of your article via search engines. They consist of a short collection of bullet points 
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that capture the novel results of your research as well as new methods that were 

used during the study (if any). Please have a look at the examples here: example 

Highlights.  

Highlights should be submitted in a separate editable file in the online submission 

system. Please use 'Highlights' in the file name and include 3 to 5 bullet points 

(maximum 85 characters, including spaces, per bullet point). 

Abstract  
 

A concise and factual abstract is required for all article types except Editorials and 

Letters to the Editor. The abstract should state briefly the purpose of the research, 

the principal results and major conclusions. An abstract is often presented 

separately from the article, so it must be able to stand alone. For this reason, 

References should be avoided, but if essential, then cite the author(s) and year(s). 

Also, non-standard or uncommon abbreviations should be avoided, but if essential 

they must be defined at their first mention in the abstract itself. 

 

All Original Contributions require a structured abstract of up to 300 words, which 

clearly states the following (use these subheadings): 

• Study Objective. 
• Design. The type of study conducted. 

• Setting. e.g., delivery room, postoperative recovery area, operating room 

• Patients. i.e., number studied, their ASA physical status, the nature of their 

procedure and illness 

• Interventions. What was done to the patients on behalf of the study. 

• Measurements e.g., blood pressure, heart rate, resp. rate values collected 

• Main Results. The study's principal finding of interest. 

• Conclusions. Based on the kinds of patients studied and the interventions used, 

what conclusions may be drawn from the main findings of interest. 

The structured abstract should provide key information and be informative on its 

own, although it should not include discussion of pros and cons, limitations, or 

justifications of the study. 
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Graphical abstract  
Although a graphical abstract is optional, its use is encouraged as it draws more 

attention to the online article. The graphical abstract should summarize the 

contents of the article in a concise, pictorial form designed to capture the attention 

of a wide readership. Graphical abstracts should be submitted as a separate file in 

the online submission system. Image size: Please provide an image with a 

minimum of 531 × 1328 pixels (h × w) or proportionally more. The image should be 

readable at a size of 5 × 13 cm using a regular screen resolution of 96 dpi. 

Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example 

Graphical Abstracts on our information site. 

Authors can make use of Elsevier's Illustration Services to ensure the best 

presentation of their images and in accordance with all technical requirements. 

Keywords  

 

Immediately after the abstract, provide a maximum of 6 keywords, using American 

spelling and avoiding general and plural terms and multiple concepts (avoid, for 

example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly 

established in the field may be eligible.Use terms from the U.S. Library of 

Medicine's Medical Subject Headings (MeSH) Annotated Alphabetical List for 

indexing purposes in Index Medicus. 

Acknowledgements  

 

Collate acknowledgements in a separate section at the end of the article before 

the references and do not, therefore, include them on the title page, as a footnote 

to the title or otherwise. List here those individuals who provided help during the 

research (e.g., assisted with the study or with manuscript preparation, including 

statistical review, by providing language help, writing assistance, or proof reading 

the article, etc.). 

Formatting of funding sources  

List funding sources in this standard way to facilitate compliance to funder's 

requirements: 
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Funding: This work was supported by the National Institutes of Health [grant 

numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant 

number zzzz]; and the United States Institutes of Peace [grant number aaaa]. 

It is not necessary to include detailed descriptions on the program or type of grants 

and awards. When funding is from a block grant or other resources available to a 

university, college, or other research institution, submit the name of the institute or 

organization that provided the funding. 

If no funding has been provided for the research, please include the following 

sentence: 

This research did not receive any specific grant from funding agencies in the 

public, commercial, or not-for-profit sectors. 

Units  

Follow internationally accepted rules and conventions: use the international 

system of units (SI). If other units are mentioned, please give their equivalent in SI. 

Math formulae  

Please submit math equations as editable text and not as images. Present simple 

formulae in line with normal text where possible and use the solidus (/) instead of a 

horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 

presented in italics. Powers of e are often more conveniently denoted by exp. 

Number consecutively any equations that have to be displayed separately from the 

text (if referred to explicitly in the text). 

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the 

article. Many word processors can build footnotes into the text, and this feature 

may be used. Otherwise, please indicate the position of footnotes in the text and 

list the footnotes themselves separately at the end of the article. Do not include 

footnotes in the Reference list. 

Artwork 



34 

Electronic artwork  

General points 

• Make sure you use uniform lettering and sizing of your original artwork.  

• Embed the used fonts if the application provides that option.  

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 

Roman, Symbol, or use fonts that look similar.  

• Number the illustrations according to their sequence in the text.  

• Use a logical naming convention for your artwork files.  

• Provide captions to illustrations separately.  

• Size the illustrations close to the desired dimensions of the published version.  

• Submit each illustration as a separate file. 

• Ensure that color images are accessible to all, including those with impaired color 

vision. 

A detailed guide on electronic artwork is available. 

You are urged to visit this site; some excerpts from the detailed information 
are given here. 
Formats 

If your electronic artwork is created in a Microsoft Office application (Word, 

PowerPoint, Excel) then please supply 'as is' in the native document format.  

Regardless of the application used other than Microsoft Office, when your 

electronic artwork is finalized, please 'Save as' or convert the images to one of the 

following formats (note the resolution requirements for line drawings, halftones, 

and line/halftone combinations given below):  

EPS (or PDF): Vector drawings, embed all used fonts.  

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 

300 dpi.  

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 

minimum of 1000 dpi.  

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep 

to a minimum of 500 dpi. 

Please do not:  
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); 

these typically have a low number of pixels and limited set of colors;  
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• Supply files that are too low in resolution;  

• Submit graphics that are disproportionately large for the content. 

Further considerations  

• A figure and its legend should be sufficiently informative that the results can be 

understood without reference to the text. In the legend, identify and define all 

abbreviations, symbols, arrows, and illustration parts. 

• The preferred point symbols are open circle, open square, open triangle, filled 

circle, filled square, filled triangle. The preferred shadings are black, white and 

bold hatching. Avoid stippling, which does not reproduce well. The preferred font 

for axis labels and keys is Arial. 

• Ticks should be drawn outside the figure axes; they should not be extended to 

form lines across the whole figure. 

• Number figures consecutively in Arabic numerals. 

• In the editorial text, abbreviate 'Figure' to 'Fig.' and 'Figures' to 'Figs.' except 

when starting a sentence. 

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), 

EPS (or PDF), or MS Office files) and with the correct resolution. If, together with 

your accepted article, you submit usable color figures then Elsevier will ensure, at 

no additional charge, that these figures will appear in color online (e.g., 

ScienceDirect and other sites) regardless of whether or not these illustrations are 

reproduced in color in the printed version. For color reproduction in print, you 
will receive information regarding the costs from Elsevier after receipt of 
your accepted article. Please indicate your preference for color: in print or online 

only. Further information on the preparation of electronic artwork. 

Illustration services  

Elsevier's Author Services offers Illustration Services to authors preparing to 

submit a manuscript but concerned about the quality of the images accompanying 

their article. Elsevier's expert illustrators can produce scientific, technical and 

medical-style images, as well as a full range of charts, tables and graphs. Image 

'polishing' is also available, where our illustrators take your image(s) and improve 

them to a professional standard. Please visit the website to find out more. 
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Tables  

 

Each table should be uploaded as a separate file. Number tables consecutively in 

accordance with their appearance in the text. Abbreviations may be used to 

simplify a table; define all abbreviations in a single footnote. Place footnotes to 

tables below the table body and indicate them with superscript lowercase letters. 

Identify statistical measures of variation such as standard deviation and standard 

error of the mean. Avoid vertical rules. Be sparing in the use of tables and ensure 

that the data presented in tables do not duplicate results described elsewhere in 

the article. 

References 

Citation in text  
Please ensure that every reference cited in the text is also present in the reference 

list (and vice versa). Any references cited in the abstract must be given in full. 

Unpublished results and personal communications are not recommended in the 

reference list, but may be mentioned in the text. If these references are included in 

the reference list they should follow the standard reference style of the journal and 

should include a substitution of the publication date with either 'Unpublished 

results' or 'Personal communication'. Citation of a reference as 'in press' implies 

that the item has been accepted for publication. 

Reference links  

Increased discoverability of research and high quality peer review are ensured by 

online links to the sources cited. In order to allow us to create links to abstracting 

and indexing services, such as Scopus, CrossRef and PubMed, please ensure 

that data provided in the references are correct. Please note that incorrect 

surnames, journal/book titles, publication year and pagination may prevent link 

creation. When copying references, please be careful as they may already contain 

errors. Use of the DOI is highly encouraged. 

A DOI is guaranteed never to change, so you can use it as a permanent link to any 

electronic article. An example of a citation using DOI for an article not yet in an 

issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). 



37 

Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. 

Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please 

note the format of such citations should be in the same style as all other 

references in the paper. 

Web references  

As a minimum, the full URL should be given and the date when the reference was 

last accessed. Any further information, if known (DOI, author names, dates, 

reference to a source publication, etc.), should also be given. Web references can 

be listed separately (e.g., after the reference list) under a different heading if 

desired, or can be included in the reference list. 

Data references  

This journal encourages you to cite underlying or relevant datasets in your 

manuscript by citing them in your text and including a data reference in your 

Reference List. Data references should include the following elements: author 

name(s), dataset title, data repository, version (where available), year, and global 

persistent identifier. Add [dataset] immediately before the reference so we can 

properly identify it as a data reference. The [dataset] identifier will not appear in 

your published article. 

Reference management software  

Most Elsevier journals have their reference template available in many of the most 

popular reference management software products. These include all products that 

support Citation Style Language styles, such as Mendeley. Using citation plug-ins 

from these products, authors only need to select the appropriate journal template 

when preparing their article, after which citations and bibliographies will be 

automatically formatted in the journal's style. If no template is yet available for this 

journal, please follow the format of the sample references and citations as shown 

in this Guide. If you use reference management software, please ensure that you 

remove all field codes before submitting the electronic manuscript. More 

information on how to remove field codes from different reference management 

software. 

 

Users of Mendeley Desktop can easily install the reference style for this journal by 
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clicking the following link: 

http://open.mendeley.com/use-citation-style/journal-of-clinical-anesthesia 

When preparing your manuscript, you will then be able to select this style using 

the Mendeley plug-ins for Microsoft Word or LibreOffice. 

Reference style  

Text: Indicate references by number(s) in square brackets in line with the text. The 

actual authors can be referred to, but the reference number(s) must always be 

given.  

List: Number the references (numbers in square brackets) in the list in the order in 

which they appear in the text.  

Examples:  

Reference to a journal publication:  

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. 

J Sci Commun 2010;163:51–9. https://doi.org/10.1016/j.Sc.2010.00372.  

Reference to a journal publication with an article number:  

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. 

Heliyon. 2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205 

Reference to a book:  

[3] Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 

2000.  

Reference to a chapter in an edited book:  

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In: 

Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-

Publishing Inc; 2009, p. 281–304. 

Reference to a website: 

[5] Cancer Research UK. Cancer statistics reports for the UK, 

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/; 2003 

[accessed 13 March 2003]. 

Reference to a dataset: 

[dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T. Mortality data for 

Japanese oak wilt disease and surrounding forest compositions, Mendeley Data, 

v1; 2015. https://doi.org/10.17632/xwj98nb39r.1. 

Note shortened form for last page number. e.g., 51–9, and that for more than 6 
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authors the first 6 should be listed followed by 'et al.' For further details you are 

referred to 'Uniform Requirements for Manuscripts submitted to Biomedical 

Journals' (J Am Med Assoc 1997;277:927–34) (see also Samples of Formatted 

References). 

Video  

 

Elsevier accepts video material and animation sequences to support and enhance 

your scientific research. Authors who have video or animation files that they wish 

to submit with their article are strongly encouraged to include links to these within 

the body of the article. This can be done in the same way as a figure or table by 

referring to the video or animation content and noting in the body text where it 

should be placed. All submitted files should be properly labeled so that they 

directly relate to the video file's content. In order to ensure that your video or 

animation material is directly usable, please provide the file in one of our 

recommended file formats with a preferred maximum size of 150 MB per file, 1 GB 

in total. Video and animation files supplied will be published online in the electronic 

version of your article in Elsevier Web products, including ScienceDirect. Please 

supply 'stills' with your files: you can choose any frame from the video or animation 

or make a separate image. These will be used instead of standard icons and will 

personalize the link to your video data. For more detailed instructions please visit 

our video instruction pages. Note: since video and animation cannot be embedded 

in the print version of the journal, please provide text for both the electronic and 

the print version for the portions of the article that refer to this content. 

Data visualization  

 

Include interactive data visualizations in your publication and let your readers 

interact and engage more closely with your research. Follow the 

instructions here to find out about available data visualization options and how to 

include them with your article. 

Supplementary material  
 

Supplementary material such as applications, images and sound clips, can be 
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published with your article to enhance it. Submitted supplementary items are 

published exactly as they are received (Excel or PowerPoint files will appear as 

such online). Please submit your material together with the article and supply a 

concise, descriptive caption for each supplementary file. If you wish to make 

changes to supplementary material during any stage of the process, please make 

sure to provide an updated file. Do not annotate any corrections on a previous 

version. Please switch off the 'Track Changes' option in Microsoft Office files as 

these will appear in the published version. 

Research data  

 

This journal encourages and enables you to share data that supports your 

research publication where appropriate, and enables you to interlink the data with 
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Highlights 

• The pressure relief technique, used to inflate endotracheal tube cuffs, is 

performed by over-inflating the endotracheal tube cuff and allowing the plunger 

of the syringe to recoil until it stops moving. 

• The pressure relief technique yielded a statistically significant number of 

endotracheal tube cuff pressures within the recommended range in this study 

and can be used in settings where a manometer is not available. 

• The brand of endotracheal tube used in the pressure relief technique has a 

significant impact on the endotracheal tube cuff pressure. 
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Abstract  

Study Objective 

The complications of both high and low endotracheal tube (ETT) cuff pressure 

have been well documented. A number of  ETT cuff pressure estimation 

techniques have been employed by practitioners in the absence of a manometer, 

particularly in resource-limited settings. These techniques have largely been 

shown to be unreliable. The pressure relief technique (PRT) has been described, 

with variations in the exact method. This study aims to determine if PRT can 

achieve ETT cuff pressures within the recommended range. 

Design 

A cross-sectional study was performed 

Setting  

The study took place in the theatre complex of Chris Hani Baragwanath Academic 

Hospital in Johannesburg, South Africa 

Patients 

Included in the study were 146 adult surgical patients undergoing general 

anaesthesia. 

Interventions 

The PRT, using a predetermined, standardised volume of air, was performed by 

over-inflating the ETT cuff and then allowing the plunger of the syringe to recoil 

until it stopped moving. 

Measurements  

ETT cuff pressure was measured with a manometer and recorded. The volume of 

air remaining in the ETT cuff was calculated and recorded.  
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Main Result 

A statistically significant number, 93 (63.7%), of ETT cuff pressures fell within the 

recommended range. A minimum ETT cuff pressure of 12 cmH2O and a maximum 

of 42 cmH2O was recorded. ETT brand had a significant impact on ETT cuff 

pressure (p=0.001). The volume of air remaining in the ETT cuff, after the PRT 

was performed, was significantly impacted by the brand (p<0.0005) and size 

(p<0.0005) of ETT. 

 

Conclusions 

While the manometer remains the gold standard in ensuring ETT cuff pressures 

within the recommended range, in the absence of a manometer, the PRT yields a 

statistically significant number of ETT cuff pressures within the recommended 

range. 

Key words: Endotracheal tube cuff pressures, pressure relief technique, 

manometer 
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3.1 Introduction 

Endotracheal intubation has been used in medical practice since 1543 when 

Vesalius used it to ventilate dogs with pneumothoraxes (1, 2).  Sir William 

Macewen first used it to administer anaesthesia in the eighteenth century by 

administering chloroform through this route during dental surgery (3). Cuffs on 

endotracheal tubes (ETT) were introduced by Trendelenburg in 1869 to prevent 

blood from entering the lower airway during surgery (2). With the advent of cuffed 

ETTs came the complications of tracheomalacia and stenosis. In response to this, 

Geffin and Pontoppidan (4) developed high-volume, low-pressure ETT cuffs to 

achieve an airtight seal at lower pressures than previously required.  

The complications of high ETT cuff pressures are now well documented such as 

sore throat, hoarse voice, blood-stained expectorant (5), oedema, ulceration and 

necrosis of the trachea, destruction of tracheal cartilage resulting in 

tracheomalacia and in severe cases, tracheal rupture and fistulae (5, 6). 

Complications of underinflated ETT cuffs, for example, aspiration pneumonia, 

have also been described (7). It is recommended that ETT cuff pressures be 

maintained at 20 - 30 cmH2O (7, 8). A 2016 systematic review (9) has shown that 

the best method to determine ETT cuff pressure is using a manometer and none 

of the ETT cuff pressure estimation techniques reliably yielded acceptable 

pressures.  

A novel method of ETT cuff pressure estimation has been described, with 

variations in the exact method and name. This method has been called the 

pressure relief valve technique (10), the passive release technique (11-13) and the 

air return method (14). For the purposes of this study, it will be called the pressure 

relief technique (PRT). In principle, when the ETT cuff is overinflated, it causes 

tracheal distention, which then exerts an “opposing force of resistance” (10) on the 

ETT cuff. When the pilot balloon valve is opened by attaching a syringe, this force 

is transmitted to the plunger of the syringe and pushes it back. Theoretically, 

“when the syringe plunger stops moving, the tracheal wall pressure is considered 

equal to the ETT cuff pressure, thus maintaining it at safe levels” (10). This relies 

on the physics principle of air moving down a pressure gradient.  
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Studies have looked at this technique with differing methodologies. Gravenstein 

and Burwick, (15) in 1988, showed that when a syringe was left attached to a pilot 

balloon for one minute after ETT cuff inflation, the ETT cuff pressures were 

significantly lower than when no syringe was attached. Other studies (12, 14, 16-

18) have examined variations of this technique with differing results. It was not 

always clear how ETT cuffs were inflated prior to PRT being performed. Some 

studies mention over-inflation prior to PRT being performed (14, 16, 17), but over-

inflation could be largely subjective if a specific pressure or volume is not 

specified. The steps taken in performing the technique vary between studies, with 

some being performed on patients (12, 14, 16-18) and others on tracheal models 

(15, 19) or mannequins (13).  

A study performed in two Johannesburg hospitals, including Chris Hani 

Baragwanath Academic Hospital (CHBAH), where manometers were not readily 

available, showed that only 18,7% of patients had ETT cuff pressures within the 

recommended range when using subjective estimation techniques such as pilot 

balloon palpation, minimal occlusive volume and a predetermined volume of air 

(20). In settings where a manometer is not always available, it is important to 

investigate an objective, standardised technique that could accurately ensure ETT 

cuff pressures are within the recommended range. The aim of this study was to 

determine the success of PRT in achieving ETT cuff pressures within the 

recommended range, in adult surgical patients undergoing general anaesthesia at 

CHBAH. 
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3.2 Methods 

Approval to conduct the study was obtained from the Human Research Ethics 

Committee (Medical) of the University of the Witwatersrand (number M190835) 

and the medical advisory committee at CHBAH. A cross-sectional study design 

was followed. The study was conducted at CHBAH, a hospital affiliated to the 

University of the Witwatersrand. CHBAH is a 2 888 bed central hospital and has 

25 theatres. On average, 65 000 surgeries are done annually. 

The study population consists of all adult (18 years and older) patients requiring a 

general anaesthetic with endotracheal intubation at CHBAH. In consultation with a 

biostatistician, a sample size of 138 participants was estimated to have a power of 

80% with a 95% level of confidence and an alpha value of 5%. This study made 

use of convenience sampling. The inclusion criteria for this study were: patients 

requiring a general anaesthetic with neuromuscular blockade and endotracheal 

intubation who consent to take part in the study. The exclusion criteria in this study 

were: patients presenting for or with previous head and neck surgery, patients with 

laryngotracheal pathology, female patients requiring a size ETT other than 7.0 or 

7.5, male patients requiring a size ETT other than 7.5 or 8.0 and patients who 

required more than two attempts at intubation. 

A standard pre-determined volume of air for a given size ETT was used for the 

PRT. Prior to enrolling patients in the study, the cuffs of ETT sizes 7.0, 7.5 and 8.0 

of 3 brands (Well Lead Medical, Hitecare and Jiangxi Yikang Medical Devices 

Group) were inflated to a pressure of 35 cmH2O and the volume of air required to 

attain this pressure was recorded. These were the brands that were available at 

the time of performing the study. To ensure a standardised, reproducible and 

objective method of overinflating the ETT cuff as the first step of PRT, an average 

volume for each size of ETT was obtained and this was taken as the standard 

volume of air used when performing PRT:  

• size 7.0 ETT – 12 ml 

• size 7.5 ETT – 13 ml  

• size 8.0 ETT – 16 ml. 
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For elective surgery, informed written consent was obtained the day before. In the 

case of emergency surgery, elective surgery where the patient was not available 

the day before or regional anaesthesia being converted to general anaesthesia, 

the patient was approached post-operatively. Once they were discharged from 

recovery and had a Ramsay score of 2 (21), informed, written consent was 

obtained.  

On the day of surgery, a general anaesthetic was administered by the 

anaesthetist. The brand and size ETT was selected by the anaesthetist. Before 

intubation, a new 20 ml Isigidi luer slip syringe was prepared by pushing the 

plunger back and forth three times to reduce any stickiness between the plunger 

and the barrel of the syringe. The anaesthetist performed the endotracheal 

intubation and the author (TF) then inflated the ETT cuff with the predetermined 

volume of air, using the prepared 20 ml syringe. Thereafter, the plunger of the 

syringe was released, allowing it to recoil. When the plunger stopped moving, the 

volume of air remaining in the ETT cuff was calculated. The syringe was 

disconnected from the valve and a manometer (VBM Medizintechnik GmbH 

Universal cuff pressure gauge) was used to measure the resultant pressure inside 

the ETT cuff. In the interest of non-maleficence, if an ETT cuff pressure was 

outside the recommended range it was corrected immediately. An ETT cuff 

pressure of 20 – 30 cmH2O was considered normal. The manometer was cleaned 

with a 70% alcohol solution between each patient. The patient’s height was 

measured using a tape measure and body mass index (BMI) was calculated using 

the weight given by the anaesthetist.  

A standardised data collection sheet was used to collect the following data: patient 

characteristics, details of endotracheal tube used, number of intubation attempts, 

volume of air returned to syringe after PRT to calculate volume of air remaining in 

the ETT cuff and ETT cuff pressure after PRT. 

Data were analysed in consultation with a statistician. ETT cuff pressures post 

PRT were categorised into five categories: <15 cmH2O, 15 – 19 cmH2O, 

20 – 30 cmH2O, 31 – 35 cmH2O and >35 cmH2O. These were reported as 

numbers and percentages, as were the variables (sex, BMI, size of ETT and brand 

of ETT). Age, BMI and volume of air remaining in the ETT cuff were reported as 
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continuous variables using a median and inter-quartile range or a mean and 

standard deviation. Multinominal logistic regression was applied to assess the 

effect ETT size, ETT brand, sex, age and had on ETT cuff pressure. To assess the 

effect ETT size and ETT brand had on the volume of air remaining in the ETT cuff, 

a Kruskal-Wallis test and a Welch test were used respectively. A Mann-Whitney U 

test was used to compare sizes of ETT tubes and a Games-Howell post-hoc test 

was used to compare brands. A p-value of 0.05 or less was considered statistically 

significant. 
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3.3 Results 

A total of 150 patients were approached to participate in the study. Of the 150, 2 

were excluded due to more than 2 intubation attempts, and 2 declined consent. 

The characteristics of the remaining 146 participants are shown in Table 1. 

The characteristics of the ETTs used in the study are shown in Table 2. 

The median (IQR) ETT cuff pressure recorded was 26.0 cmH2O 

(22.0 – 30.8 cmH2O) with a minimum ETT cuff pressure of 12.0 cmH2O and a 

maximum of 42.0 cmH2O. A statistically significant number of ETT cuff pressures 

fell within the recommended range, 93 (63.7%; 95% CI: 81.6 – 104.4; p=<0.005). 

The frequency of ETT cuff pressures per range is shown in Figure 1.  

The ETT cuff pressure and the volume of air remaining in the ETT cuff, according 

to brand and size ETT are shown in Table 3. The difference between the brands 

and sizes of ETT for ETT cuff pressure and volume of air remaining in the ETT cuff 

are shown in Table 4. Univariate analysis shows that ETT brand had a statistically 

significant effect on cuff pressure (p=0.001). The difference was found in the 

frequency of high cuff pressures in Brand 2 compared to Brand 3. ETT size had a 

statistically significant impact on ETT cuff pressure (p=0.004). Specifically, a 

difference was found when comparing the frequency of ETT cuff pressures 

>30 cmH2O in size 8.0 ETT compared to both size 7.0 and 7.5 ETT. An interaction 

effect between ETT brand and ETT size was tested for, in order to account for the 

bias of the unequal distribution of various size ETTs across the 3 brands. No 

interaction effect was found. 

The volume of air remaining in the ETT cuffs differed significantly across the 

different ETT brands (p<0.0005) and the significance was found to lie between 

Brand 1 compared to Brand 2 and Brand 2 compared to Brand 3. The volume of 

air remaining in the ETT cuffs also differed significantly across ETT sizes 

(p<0.0005), with the volume increasing, as ETT size increases. This statistically 

significant difference is present across all 3 sizes of ETT.  

The impact of the individual variables on achieving recommended ETT cuff 

pressures after PRT is shown in Table 5. None of these variables had a significant 
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impact. Multivariate analysis shows that the only variable that had a significant 

effect on ETT cuff pressure is brand of ETT (p=0.001). 
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3.4 Discussion 

The number of ETT cuff pressures that fell within the recommended range in this 

study was 63.7% which was similar to other studies using variations of the PRT. 

Bulumba et al, (16) who used a loss of resistance syringe found that 66.3% of 

participants had acceptable ETT cuff pressures after PRT. Park et al (13), who 

used mannequins to perform the PRT on, found acceptable ETT cuff pressures in 

65.5% of participants. Tsaousi et al (14) found acceptable ETT cuff pressures in 

70% of participants, however, they used a range of 20 – 35 cmH2O for acceptable 

ETT cuff pressures. All three of these studies had smaller sample sizes than this 

study. The ETT cuff pressures were categorised into 5 categories to show the 

number of out-of-range ETT cuff pressures which fell just outside of the 

recommended range as opposed to well outside of the recommended range. It is 

worth noting that 13% of cuff pressures were more than 5 cmH2O outside of the 

recommended range. 

Size 8.0 ETTs yielded higher ETT cuff pressures. One possible explanation is that 

because a higher standard volume of air was used to inflate the size 8.0 ETT cuff 

during the PRT, a higher volume of air needed to be returned to the syringe. 

Friction in the barrel of the syringe may have limited the amount of air that 

returned to the syringe. Further testing using a lower standard volume of air for a 

size 8.0 ETT or a loss of resistance syringe is recommended.  

The volume of air required to maximally inflate the ETT cuffs could not be obtained 

from the manufacturers. However, based on the steps taken to determine the 

standard volumes of air for each cuff size, it can be assumed that a larger size 

ETT will require a larger volume of air to maximally inflate the ETT cuff. The 

results showing the statistically significant impact size of ETT has on the volume of 

air remaining in the ETT cuff is to then be expected. Brand also showed a 

statistically significant impact on the volume of air remaining in the ETT cuff, and in 

post-hoc analysis was found to be the only variable with a significant impact on 

ETT cuff pressure after PRT. This could be explained by differing physical 

properties of ETT cuffs, such as elastance, across different brands of ETT and is 

something that anaesthetists should be cognisant of. 
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The outcome of the PRT is not comparable to the gold standard of a manometer 

when ensuring recommended ETT cuff pressures. However, in the hospital in 

which the study took place, as shown by Gilliland et al (20), manometers are not 

being used as standard practice. ETT cuff pressures were shown to be as high as 

120 cmH2O, compared to a maximum of 42 cmH2O in this study. Only 18.8% of 

participants had ETT cuff pressures within the recommended range in Gilliland et 

al’s (20) study, compared to 63.7% in this study. PRT can therefore, be 

recommended as a safer alternative to current practice in a resource-limited 

setting.  

There was not an equal distribution of brands and size ETTs, and within each size, 

there was an unequal distribution of brands. This limitation was bought about by 

the fact that ETT brand and size were not randomised but rather chosen by the 

anaesthetist. The selection would have been primarily influenced by what brand of 

ETT was available at the time.  

Conclusion 

While the manometer remains the gold standard in ensuring ETT cuff pressures 

within the recommended range, in the absence of a manometer, the PRT yields a 

statistically significant number of ETT cuff pressures within the recommended 

range. 
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3.5 Tables and figures 

Table 1: Characteristics of participants 

 Number Percentage 
Sex  

• Male 

• Female 

 

70 

76 

 

47.9 

52.1 

BMI  
• Underweight (<18.5) 

• Normal (18.5 – 24.9) 

• Overweight (25 – 29.9) 

• Obese (>30) 

 

11 

86 

32 

17 

 

7.5 

58.9 

21.9 

11.6 

 Median IQR 

BMI 23.5 21.9 – 27.2 

 Mean SD 
Age 42.7 15.6 
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Table 2: Frequency of ETT sizes and brands 

 Size 7.0 (n) Size 7.5 (n) Size 8.0 (n) Total 
Brand 1 3 19 2 24 
Brand 2 5 38 34 77 
Brand 3 41 3 1 45 
Total 49 60 37 146 
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Table 3: ETT cuff pressures and volume of air remaining in ETT cuff 
according to brand and size of ETT 

 ETT cuff pressure (cmH2O) Volume of air remaining in ETT cuff (ml) 
 Median IQR p-value Median IQR p-value 

ETT brand (n) 
• Brand 1 (24) 
• Brand 2 (77) 
• Brand 3 (45) 

 
27 
28 
24 

 
24.0 – 30.0 
26.0 – 34.0 
22.0 – 26.0 

0.001  
7 
8 
6 

 
5.8 – 8.0 
6.0 – 10.0 
5.0 – 7.0 

<0.0005 

ETT size (n) 
• 7.0 (49) 
• 7.5 (60) 
• 8.0 (37) 

 
24 
26 
30 

 
 22.0 – 28.0  
22.0 – 30.5    
26.0 – 34.0 

0.004  
6 
7 
10 

 
5.0 – 7.0 
5.4 – 8.0 
8.0 – 11.0  

<0.0005 
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Table 4: p-values for differences between brand and size ETT, for ETT cuff 
pressure and volume remaining in ETT cuff  

 Pressure <20 cmH2O 
p-value 

Pressure >30 cmH2O 
p-value 

Volume remaining in ETT cuff 
p-value 

ETT brand 
• Brand 1 and 2 
• Brand 1 and 3 
• Brand 2 and 3 

 
0.907 
0.569 
0.834 

 
0.078 
0.181 
0.001 

 
0.049 
0.059 

<0.0005 
ETT size 

• 7.0 and 7.5 
• 7.0 and 8.0 
• 7.5 and 8.0 

 

0.349 
0.755 
0.661 

 

0.79 
0.001 
0.032 

 

0.002 
<0.0005 
<0.0005 
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Table 5: Sex, BMI and age impact on ETT cuff pressure after PRT 

 ETT cuff Pressure (cmH20) p-value 

Median IQR 

Sex 
• Male 
• Female 

 

28 
26 

 

22.5 – 32.0 
22.0 – 29.0 

0.056 

BMI 

• Underweight 
• Normal 
• Overweight 
• Obese 

 

24 
26 
26 
26 

 

20.5 – 29.0 
22.0 – 32.0 
22.0 – 30.0 
26.0 – 34.0 

0.652 

Age   0.880 
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Figure 1: Frequency of ETT cuff pressures per range 
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4.1 Introduction and problem statement 

Endotracheal intubation has been used in medical practice since 1543 when 

Vesalius used it to ventilate dogs with pneumothoraxes (1, 2). It has been used to 

administer anaesthesia since the eighteenth century when Sir William Macewen 

administered chloroform through this route during dental surgery (3). Cuffs on 

endotracheal tubes (ETT) were introduced by Trendelenburg in 1869 to prevent 

blood from entering the lower airway during surgery (2). With the advent of cuffed 

ETTs came the complications of tracheomalacia and stenosis. In response to this, 

Geffin and Pontoppidan (4) developed high volume, low pressure ETT cuffs to 

achieve an airtight seal at lower pressures than previously required.  

The complications of high ETT cuff pressures are now well documented such as 

sore throat, hoarse voice, blood-stained expectorant (5), oedema, ulceration and 

necrosis of the trachea, destruction of tracheal cartilage resulting in 

tracheomalacia and in severe cases, tracheal rupture and fistulae (5, 6). 

Complications of underinflated ETT cuffs, for example, aspiration pneumonia, 

have also been described (7). It is recommended that ETT cuff pressures be 

maintained at 20 - 30 cmH2O (7, 8). A 2016 systematic review (9) has shown that 

the best method to determine ETT cuff pressure is using a manometer. The review 

included at nine studies that assessed ETT cuff pressure estimation techniques 

which could be used in the absence of a manometer. Examples of these 

techniques are the pilot balloon palpation technique, fixed volume of air technique 

and the minimum leak technique. None of these techniques reliably yield 

acceptable pressures.  

A novel method of ETT cuff pressure estimation has been described, with 

variations in the exact method and name. This method has been called the 

pressure relief valve technique (10), the passive release technique (11-13) and the 

air return method (14). For the purposes of this study, it will be called the pressure 

relief technique (PRT). The principle of this technique is when the ETT cuff is 

overinflated, it causes tracheal distention, which then exerts an “opposing force of 

resistance” (10) on the ETT cuff. When the pilot balloon valve is opened by 

attaching a syringe, this force is transmitted to the plunger of the syringe and 

pushes it back. Theoretically, “when the syringe plunger stops moving, the 
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tracheal wall pressure is considered equal to the ETT cuff pressure, thus 

maintaining it at safe levels” (10). This relies on the physics principle of air moving 

down a pressure gradient.  

Various studies have looked at this technique with differing methodologies. 

Gravenstein and Burwick, in 1988, (15) showed that when a syringe was left 

attached to a pilot balloon for one minute after ETT cuff inflation, the ETT cuff 

pressures ranged between 19 - 74 cmH2O, compared to 209 - 254 cmH2O when 

no syringe was attached. In 1990, Resnikoff and Katz (16) attempted to improve 

on this by using a modified epidural syringe with resultant ETT cuff pressures 

falling between 13 - 22 cmH2O. Similarly, in 2002, Somri et al (17) showed that 

when a syringe is left attached to the pilot balloon during anaesthesia with nitrous 

oxide, the ETT cuff pressures remained stable at 15.2 - 15.4 cmH2O. In a study 

performed by Huh et al in 2009 (12), pressures between 12.5 - 30.4 cmH2O were 

achieved using PRT. In 2017, Bulamba et al (18) showed a 66.3% success rate 

with PRT compared to 22.5% with pilot balloon palpation. When Tsaousi et al, in 

2018, (14) compared PRT to three other methods of ETT cuff pressure estimation, 

it was found to give recommended pressures in 69.5% of patients. The minimum 

volume technique resulted in 44% of pressures falling within the recommended 

range, while the minimum leak technique resulted in 17% of pressures falling in 

the recommended range. The pilot balloon palpation technique resulted in 80% of 

pressures falling within the recommended range (14), however this technique has 

previously been found to be unreliable (19).  

There is no clear, objective and standardised practice described for PRT. It is not 

always clear how ETT cuffs were inflated prior to PRT being performed. Some 

mention over-inflation prior to PRT being performed (14, 16, 18), but over-inflation 

could be largely subjective if a specific pressure or volume is not specified. The 

steps taken in performing the technique vary greatly between studies, with some 

being performed on tracheal models or mannequins (13, 16, 20).  

A study performed in two Johannesburg hospitals, including Chris Hani 

Baragwanath Academic Hospital (CHBAH), where manometers were not readily 

available, showed that only 18,7% of patients had ETT cuff pressures within the 

recommended range when using subjective estimation techniques such as pilot 
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balloon palpation, minimal occlusive volume and a predetermined volume of air 

(21). In settings where a manometer is not always available, it is important to 

investigate an objective, standardised technique which could accurately ensure 

ETT cuff pressures are within the recommended range.  

4.2 Aim and objectives 

4.2.1 Aim 

The aim of this study is to determine if PRT can achieve ETT cuff pressures within 

the recommended range in adult surgical patients undergoing general anaesthesia 

at CHBAH. 

4.2.2 Objectives 

The primary objectives of this study are to: 

• determine the volume of air remaining in the ETT cuff following PRT 

• determine pressures of ETT cuffs following PRT using a manometer. 

 

The secondary objectives of this study are to: 

• determine the impact of patient sex on achieving ETT cuff pressures within 

the recommended range 

• determine the impact of patient age on achieving ETT cuff pressures within 

the recommended range 

• determine the impact of body mass index (BMI) on achieving ETT cuff 

pressures within the recommended range 

• determine the impact of ETT size on achieving ETT cuff pressures within 

the recommended range 

• determine the impact of brand of ETT on achieving ETT cuff pressures 

within the recommended range. 

 

4.3 Research assumptions 

The following definitions will be used in this study: 
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Adult: is a person 18 years and older. 

Recommended ETT cuff pressure range: is 20 - 30 cmH2O (7, 8). 

Predetermined volume of air: is the volume of air required to inflate the cuff of an 

ETT to 35 cmH2O before being inserted into an airway.  

Manometer: is a VBM Medizintechnik GmbH Universal cuff pressure gauge. 

Syringe: is a 20 ml Isigidi luer slip syringe 

Endotracheal tube: is one of the available brands at CHBAH at the time of the 

study. The number of brands used will be limited to three. 

4.4 Demarcation of study field 

The study will be conducted in the theatre complex of CHBAH affiliated to the 

Department of Anaesthesiology at the University of the Witwatersrand. CHBAH is 

a 2 888 bed central hospital. The hospital has 25 theatres. On average, 65 000 

surgeries are done annually. 

4.5 Ethical considerations 

Approval to conduct the study will be obtained from the Human Research Ethics 

Committee (Medical) and the Graduate Studies Committee of the University of the 

Witwatersrand. Permission to conduct the study has been obtained from the 

Medical Advisory Committee at CHBAH (Appendix 1) and has been obtained from 

the Head of Department of Anaesthesiology at CHBAH (Appendix 2). 

Where possible, elective surgery patients will be approached a day prior to their 

surgery. The study will be explained to them and they will be invited to take part. If 

they agree, they will be given an information letter (Appendix 3) and asked to sign 

a consent form (Appendix 4). 

In the following circumstances, it will not be possible to obtain patient consent prior 

to surgery and deferred consent will be requested: 

• emergency surgery 
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• anaesthetic converted from regional to general anaesthetic intra-

operatively 

• patient airway device converted from supra-glottic airway to ETT 

intra-operatively 

• elective surgery patients who are not available the day prior to 

surgery. 

Post operatively, once the patient has been discharged from recovery and has a 

Ramsay Score of 2 (22), the study will be explained to the patient and they will be 

invited to take part. If they agree, an information letter will be given to them 

(Appendix 5) and they will be asked to sign a consent form (Appendix 4). If they 

decline, their data will be excluded from the study. In the event that an eligible 

patient is not fit to give prior or deferred consent, a family member will be 

approached. The study will be explained to them and if they agree for their family 

member to be enrolled in the study, they will be given an information letter 

(Appendix 6) and asked to sign a consent form (Appendix 7). Once the patient is fit 

to provide consent, they will be made aware that their family member gave 

consent for them to be enrolled in the study. The study will be explained to them 

and they will be given a choice of whether they would like to participate in the 

study or not. If they agree to remain in the study, they will be given an information 

letter (Appendix 5) and asked to sign a consent form (Appendix 4). If they are not 

willing to remain a part of the study, their data will be excluded from the study.  

The study will be explained to the anaesthetist administering the anaesthetic for 

the patient and verbal consent will be obtained to perform PRT on intubation. 

To ensure anonymity, no identifying information will be collected and patients will 

be identified with a study number. A separate list with patient names, hospital 

numbers and study numbers will be kept. Only the researcher and supervisors will 

have access to raw data to ensure confidentiality. 

In the interest of non-maleficence, if an ETT cuff pressure is above the 

recommended range after inflation, it will only be such for a maximum of 30 

seconds. PRT will be performed immediately after inflation and the ETT cuff 
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pressure will then be measured with a manometer. If the pressure falls out of the 

recommended range, it will be corrected immediately.  

Data will be stored securely for six years after completion of the study, 

electronically on a password-protected database. The study will be conducted 

according to the principles of the Declaration of Helsinki (23) and the South African 

Guidelines for Good Clinical Practice (24). 

4.6 Research methodology 

4.6.1 Research design 

The research design outlines the plan for collecting study data (25). A cross-

sectional research design will be followed in this study.  

A cross-sectional study collects information at a single point in time (25). This 

study will be cross-sectional because it will be observing the effect that PRT has 

on ETT cuff pressure and the data will be collected at the time that the intervention 

is taking place.  

4.6.2 Study population 

The study population consists of all adult patients requiring a general anaesthetic 

with endotracheal intubation at CHBAH. 

4.6.3 Study sample 

Sample size 

The sample size was calculated in consultation with a biostatistian. A sample size 

of 138 partcipants was estimated to have a power of 80% with a 95% level of 

confidence and an alpha value of 5%.  

Sampling method 

This study will make use of convenience sampling. Convenience sampling is when 

participants are included in the study because they are easily accessible (25). 

Adult patients undergoing a general anaesthetic at CHBAH during the study period 

will be invited to participate in the study.  
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Inclusion and exclusion criteria 

The inclusion criteria for this study are adult patients requiring a general 

anaesthetic with neuromuscular blockade and endotracheal intubation who 

consent to take part in the study. 

The exclusion criteria in this study are:  

• patients with previous head and neck surgery 

• patients presenting for head and neck surgery 

• patients with laryngotracheal pathology 

• female patients requiring a size ETT other than 7.0 or 7.5 

• male patients requiring a size ETT other than 7.5 or 8.0  

• patients who required more than two attempts at intubation. 

4.6.4 Data collection 

A standard volume of air for a given size ETT will be used for the PRT. Prior to 

enrolling patients in the study, ETT sizes 7.0, 7.5 and 8.0 of brands available at 

CHBAH at the time of the study will be collected. The number of brands used will 

be limited to three. The cuffs of the selected ETTs will be inflated to a pressure of 

35 cmH2O and the volume of air required to attain this pressure will be recorded 

for each ETT brand and size. An average volume for each size of ETT will be 

obtained and this will be taken as the standard volume of air used when 

performing PRT. This will ensure a standardised, reproducible and objective 

method of overinflating the ETT cuff as the first step of PRT. 

In the case of elective surgery, the patient will be identified the day before surgery 

and if available, will be informed of the study details. If the patient agrees to 

participate, they will be provided with an information letter (Appendix 3) and asked 

to sign the consent form (Appendix 4). 

On the day of surgery, the patient will be taken into theatre and a general 

anaesthetic will be administered by the anaesthetist. Before intubation, a new 20 

ml syringe will be prepared by pushing the plunger back and forth three times to 

negate any stickiness between the plunger and the barrel of the syringe. A new 
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syringe will be used for each patient. The anaesthetist will insert the ETT into the 

airway and position it at a depth which they deem appropriate. The researcher will 

then inflate the ETT cuff with the predetermined volume of air, using the prepared 

20 ml syringe. Once the predetermined volume of air has been instilled into the 

ETT cuff, the researcher will release the plunger of the syringe and allow it to 

recoil. When the plunger stops moving, the volume of air in the syringe will be 

recorded, and from this, the volume of air remaining in the ETT cuff will be 

calculated. The syringe will be disconnected from the valve and a manometer will 

be used to measure the resultant pressure inside the ETT cuff. This pressure will 

be documented. If the pressure is outside the recommended range, it will be 

corrected. The manometer will be cleaned with alcohol between each patient. The 

patient’s height will be measured using a tape measure and BMI will be calculated 

using the weight given by the anaesthetist. 

In the case of emergency surgery, elective surgery where the patient is not 

available the day before or regional anaesthesia being converted to general 

anaesthesia with placement of an ETT intra-operatively, they will be identified at 

the time of surgery and data will be collected as described. They will then be 

approached post-operatively, once they are discharged from recovery and have a 

Ramsay score of 2 (22), and informed of the study details. If they agree to 

participate, they will be given an information letter (Appendix 5) and asked to sign 

a consent form (Appendix 4). If the patient is unable to consent at that time, a 

family member will be informed of the study and asked to sign a consent form 

(Appendix 7) if they agree to their relative participating. The patient will then be 

followed up until they are able to give consent themselves. At that time, they will 

be informed of the study and their relative’s consent. If they agree to remain a 

participant in the study, they will be asked to sign a consent form (Appendix 4).  

Data collection sheet 

A standardised data collection sheet will be used to collect data (Appendix 8). It 

will collect the following data: 

• patient characteristics 

• details of the ETT used 
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• number of intubation attempts 

• volume of air returned to syringe after PRT 

• ETT cuff pressure after PRT. 

4.6.5 Data analysis 

A Microsoft Excel spreadsheet will be used to capture data. Data will be analysed 

in consultation with a statistician.  

Volume of air remaining in the ETT cuff will be reported as a mean with a standard 

deviation or a median with an inter-quartile range depending on if it is normally 

distributed or not. 

ETT cuff pressures post PRT will be categorised and reported as numbers and 

percentages, as will the variables (sex, BMI, size of ETT and brand of ETT). Age 

will be reported as a continuous variable. 

To evaluate the effect the variables have on the sensitivity of PRT, univariable 

regression of each factor against the outcome will be done. Multivariable analysis 

using step-wise forward regression will be conducted. A p-value of 0.05 or less will 

be considered statistically significant.  

4.7 Significance of the study 

Although the gold standard for ETT cuff pressure monitoring is an objective 

measurement with a manometer, this tool is not readily available in resource-

limited settings (18). The complications of ETT cuff pressures outside of the 

recommended range are widely documented (5-8) and it is therefore important that 

despite a lack of resources, a cost-effective and reliable way of ETT cuff pressure 

estimation is developed. The methods currently in use have been shown to be 

inaccurate (21). A 20 ml syringe should be widely available and this is the only tool 

needed for PRT. Should this technique prove to be reliable in obtaining ETT cuff 

pressures within the recommended range, it would allow for safer intubations in 

resource-limited settings.  
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4.8 Validity and reliability of the study 

Validity refers to whether the results of a study are due to a hypothesised cause or 

have occurred due to outside circumstances. Reliability of a study refers to the 

reproducibility of results when the method is used in different circumstances (26). 

A number of factors have been considered to ensure the validity and reliability of 

this study: 

• the research design is appropriate for the aim of the study 

• the sample size was determined in consultation with a biostatistician  

• data collection will only be performed by the researcher and one supervisor 

• data collection procedure is standardised and the researcher and 

supervisor collecting data will practice the technique together 

• one manometer will be used to measure ETT cuff pressure 

• syringe size and brand will be standardised   

• data will be analysed together with a statistician. 

4.9 Potential limitations 

The results should only be applied to patients who have received a neuromuscular 

blocker. Intubated patients without neuromuscular blockade still require ETT cuff 

pressure measurement, however, this study does not investigate PRT in this 

subgroup. The study was done contextually and therefore results may not be 

generalisable to other populations.  

  



 76 

 

4.10 Project outline 

4.10.1 Time frame 

Activity 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May 

2019 2019 2019 2019 2019 2020 2020 2020 2020 2020 

Proposal preparation           

Literature review           

Proposal submission           

Ethics approval           

Postgraduate approval           

Data collection           

Data analysis           

Draft article           

Submission           

 

4.10.2 Budget 

Item 
Price 
per 

page/unit 

Number 
of pages/units Copies Total 

Proposal R1,00 25 6 R150,00 

Postgraduate application R1,00 2 6 R12,00 

Complete report R1,00 100 4 R400,00 

Syringes R4,70 154  R723,80 

Manometer R2012,5 1  R2012,50 

Grand Total    R3298,30 

 

The Wits Department of Anaesthesiology will incur the costs of paper and printing 

of the postgraduate application. The supply of syringes to CHBAH is unreliable. 

The researcher will therefore have her own stock of 20 ml syringes to use in the 

study, which will be incurred as a personal expense, as will the manometer. The 



 77 

patients would have been intubated with ETTs from the hospital supply, regardless 

of whether they were going to participate in the study or not, therefore, this will not 

incur an extra expense to the hospital. 
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4.12 Appendices  

Appendix 1: Medical Advisory Committee permission 
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Appendix 2: Request to Head of Department 
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Appendix 3: Patient information letter for patients prior to surgery 

Hello, my name is Tracey Ferreira and I am a doctor who is training to become an 

anaesthesiologist (a doctor who makes people sleep during surgery). I am training 

through the University of the Witwatersrand. I am doing research and would like to invite 

you to participate. 

When a patient is put to sleep for surgery a tube is placed in their windpipe to help them to 

breathe. There is a balloon around the tube, which is blown up once the tube is in the 

windpipe. This is to make sure no liquids can enter the lungs while the patient is sleeping. 

It is important that the pressure inside the cuff is not too high, so it does not damage the 

windpipe. I am researching a method of making sure the pressure is not too high, by using 

a syringe to allow extra air to escape. After doing this, I will measure the pressure in the 

cuff. If the reading is too high or too low, I will correct it.  

You may benefit from participating in this study because I will make sure that the pressure 

inside the cuff is correct. You will also be helping us to see if this technique can be used to 

help other patients in the future.  

It is your choice to participate in the study or not. If you do not want to participate, the care 

you receive at the hospital will not change. At any time you can change your mind and 

withdraw from the study. If you do not want to participate I will not use the information I got 

from you. 

The information I collect will have a number on it, and not your name, so that no one will 

be able to identify you from the information. All information will be kept secret and will only 

be seen by the people doing the research. The information will be kept on a computer with 

a password that only the researchers will have. 

This study has been approved by the Human Research Ethics Committee (HREC) 

(number M190835), which makes sure that participants in research are not harmed, and 

the Graduate Studies Committee of the University of the Witwatersrand. If you would like 

to contact them their details are: Professor Penny (Chairperson HREC): 011 717 2301 or 

clement.penny@wits.ac.za, Committee secretariat: 011 717 2700/1234 or 

Zanele.Ndlovu@wits.ac.za or Rhulani.Mkansi@wits.ac.za.  

If you have any questions you may ask me. You can contact me on 011 933 9564. 

Thank you for your time. 
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Appendix 4: Consent to participate in study 

The study has been explained to me and I understand the information given to me. 

An information sheet has been given to me. I have been given the opportunity to 

ask questions and my questions have been answered. I understand that my 

information will be kept secret. I give consent to participate in this study. 

 

 

Print patient name ____________________________________________    

Patient signature _________________________ 

Date ______________ 

 

 

I have witnessed the counseling of this patient with regards to the study. I confirm 

that the patient was given the opportunity to ask questions. I confirm that consent 

was provided freely. 

 

Print witness name ___________________________________________    

Witness signature ________________________ 

Date _____________ 
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Appendix 5: Patient information sheet for deferred consent 

Hello, My name is Tracey Ferreira and I am a doctor who is training to become an 

anaesthesiologist (a doctor who makes people sleep during surgery). I am training through the 
University of Witwatersrand. I am doing research and would like to invite you to participate. 

When a patient is put to sleep for surgery a tube is placed in their windpipe to help them to 
breathe. There is a balloon around the tube, which is blown up once the tube is in the 

windpipe. This is to make sure no liquids can enter the lungs while the patient is sleeping. It is 
important that the pressure inside the cuff is not too high, so it does not damage the windpipe. 

I am researching a method of making sure the pressure is not too high, by using a syringe to 
allow extra air to escape. When you were put to sleep for your operation, I performed this 
technique and then I measured the pressure in the cuff. If the reading was too high or too low, 

I corrected it.  

You may have benefitted from this study because I made sure that the pressure inside the cuff 

is correct. If you agree to participate you will also be helping us to see if this technique can be 
used to help other patients in the future.  

It is your choice to participate in the study or not. If you do not want to participate, the care you 
receive at the hospital will not change. At any time, you can change your mind and withdraw 

from the study. You can decide if the information I have collected will be used in the study or 
not. If you do not want to participate the information will not be used. 

The information I collect will have a number on it, and not your name, so that no one will be 
able to identify you from the information. All information will be kept secret and will only be 

seen by the people doing the research. The information will be kept on a computer with a 
password that only the researchers will have. 

This study has been approved by the Human Research Ethics Committee (HREC) (number 
M190835), which makes sure that participants in research are not harmed, and the Graduate 
Studies Committee of the University of the Witwatersrand. If you would like to contact them 

their details are: Professor Penny (Chairperson HREC): 011 717 2301 or 
clement.penny@wits.ac.za, Committee secretariat: 011 717 2700/1234 or 

Zanele.Ndlovu@wits.ac.za or Rhulani.Mkansi@wits.ac.za.  

If you have any questions you may ask me. You can contact me on 011 933 9564. 

Thank you for your time. 
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Appendix 6: Information letter for patient’s family 

Hello, My name is Tracey Ferreira and I am a doctor who is training to become an 

anaesthesiologist (a doctor who makes people sleep during surgery). I am training through the 

University of Witwatersrand. I am doing research and would like to invite your family member to 

participate. 

When a patient is put to sleep for surgery a tube is placed in their windpipe to help them to breathe. 

There is a balloon around the tube, which is blown up once the tube is in the windpipe. This is to 

make sure no liquids can enter the lungs while the patient is sleeping. It is important that the 
pressure inside the cuff is not too high, so it does not damage the windpipe. I am researching a 

method of making sure the pressure is not too high, by using a syringe to allow extra air to escape. 

When your family member was put to sleep for their operation, I performed this technique and then 

I measured the pressure in the cuff. If the reading was too high or too low, I corrected it.  

Your family member may have benefitted from this study because I made sure that the pressure 

inside the cuff is correct. If you agree to allow your family member to participate you will also be 

helping us to see if this technique can be used to help other patients in the future.  

It is your choice to have your family member participate in the study or not. If you do not want them 

to participate, the care they receive at the hospital will not change. At any time, you can change 

your mind and withdraw your family member from the study. You can decide if the information I 

have collected will be used in the study or not. If you do not want your family member to participate 

the information will not be used. I will also ask your family member themselves once they are able 

to give permission.  

The information I collect will have a number on it, and not your family member’s name, so that no 

one will be able to identify them from the information. All information will be kept secret and will 
only be seen by the people doing the research. The information will be kept on a computer with a 

password that only the researchers will have. 

This study has been approved by the Human Research Ethics Committee (HREC) (number 

M190835), which makes sure that participants in research are not harmed, and the Graduate 

Studies Committee of the University of the Witwatersrand. If you would like to contact them their 

details are: Professor Penny (Chairperson HREC): 011 717 2301 or clement.penny@wits.ac.za, 

Committee secretariat: 011 717 2700/1234 or Zanele.Ndlovu@wits.ac.za or 

Rhulani.Mkansi@wits.ac.za.                                                

If you have any questions you may ask me. You can contact me on 011 933 9564.    

Thank you for your time. 
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Appendix 7: Consent form for family member 

The study has been explained to me and I understand the information given to me. 

An information sheet has been given to me. I have been given the opportunity to 

ask questions and my questions have been answered. I understand that my family 

members information will be kept secret. I give consent for my family member 

________________________________________________(name of participant) 

to participate in this study. 

 

 

Print family member name ___________________________________ 

Family member signature ____________________ 

Date ______________ 

 

 

I have witnessed the counselling of this family member with regards to the study. I 

confirm that the family member was given the opportunity to ask questions. I 

confirm that consent was provided freely. 

 

Print witness name ___________________________________________    

Witness signature __________________________ 

Date _____________ 
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Appendix 8: Data collection sheet 

1. Patient number 
 

2. Demographics 
 
2.1 Patient age   

2.2 Patient sex Male Female 

2.3 Patient height  m 

2.4 Patient weight  kg 

2.5 Patient BMI (%&'()*	
)&'()*!

)  

 

3. Endotracheal intubation details 

 

 

 

 

3.1 Brand of endotracheal tube used  

3.2 Size of endotracheal tube used  7.0 7.5 8.0 

3.3 Number of attempts at intubation 1 2 >2 

3.4 Volume of air returned to syringe after PRT ml 

3.5 ETT cuff pressure after PRT cmH2O 
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Section 5: Annexures 

5.1 Notification of change of title 
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5.2 Ethics approval 
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5.3 Graduate Studies Approval 
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5.4 Turnitin report 

 


